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At no time during the history of the 
steam-locomotive have such radical chan- 
ges been introduced as during the past 
ten years. These changes have been in- 
troduced more or less simultaneously in 
countries supplying the locomotives of 
the world, and have no doubt been sti- 
mulated by the competition of electricity 
and oil-engines which offered more effi- 
cient and in some cases cheaper motive 
power. Twenty years ago it was thought 
that the steam-locomotive had attained 
oractically its maximum development, as 
had nearly reached the limits imposed 
by the loading gauge. 
The radical changes necessitated by the 
adoption of extra high pressures seem to 
have opened up a new era. Not only do 
these changes render possible an increase 
in tractive power, but they should at the 
_ same time increase the overall efficiency. 
i. 


(Qa) Paper read by the Author at the Insti- 
“tn of Mechanical Engineers on 23 January 
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In Great Britain alone there are 23 000 
locomotives, and a sum of approximately 
£45,000 000 per annum is spent on their 
maintenance, renewal, and running. Of 
this sum, nearly £42 000000, or 25 %, 
is the cost of fuel burnt by these locomo- 
tives, and another £12000 000 has to be 
spent on their maintenance and renewal. 
The purpose of the novel forms of loco- 
motive which have been introduced dur- 
ing the last five years has been to effect 
economy principally in fuel consumption, 
but the Author wishes to draw attention 
to the importance of the cost of mainten- 
ance, and the necessity for designers of 
new and improved forms of high-press- 
ure locomotives to remember that the ex- 
pense incurred in maintaining locomo- 
tives is equal to the cost of the great 
quantity of coal which they consume. It 
will be seen what a large field there is 
for economy if both cost of fuel and 
maintenance can be reduced, and what 
an influence such economy can have on 
the cost of transportation on railways. 
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From the early days of the locomotive 
it has been recognized that increase of 
boiler pressure results in decrease of coal 
consumption, but with the conventional 
type of locomotive boiler this has gener- 
ally resulted in increasing the cost of 
firebox repairs, and reducing the life of 
boilers and fireboxes. When the « Roc- 
ket » was built by George Stephenson, a 
boiler pressure of 50 lb. per sq. inch was 
employed, and pressures have gradually 
increased until now there are many en- 
gines running in this country with a 
boiler pressure of 250 Ib. per sq. inch. 
Pressures up to 325 Ib. per sq. inch have 
been experimentally tried for locomotives 
in Germany and America, but 250 lb. per 
sq. inch can be looked upon as approxi- 
mately the maximum pressure which can 
be carried in a boiler of the Stephenson 
type, having regard to the cost of boiler 
maintenance. 

It has taken 100 years to increase the 
pressure of locomotives from 50 lb. to 
250 Ib. per sq. inch, but during the last 
five years pressures have leapt up to 450, 
900, and now to 4700 lb. per sq. inch. 

The use of pressures above 250 lb. per 
sq. inch has necessitated the design of a 
completely novel form of boiler built up 
of tubes and circular drums in which, 
generally, all flat surfaces have been eli- 
minated. Ingenious means have been 
adopted for transmitting the heat from 
the fire to the water. The use of very 
high pressures, and the consequent high 
temperature, result in conditions which 
are much more exacting to the materials 
used in the construction of the boilers. 
These conditions are aggravated unless 
the heat transference is very rapid. 

In striving for economy by the use of 
higher pressure, designers of locomotives 
are only following the lead which has 
been set by the designers of large sta- 
tionary plants and marine engines. Their 


A 


problem, however, has been made more 
difficult by loading-gauge and weight 
restrictions, and for these reasons they 
are unable to take advantage of condens- 
ers and have had to extend the pressure 
gradient upwards to a greater extent. It 
does not necessarily follow that the use | 
of high pressures in boilers is more dan- 
gerous than that of low pressures. An 
explosion of a boiler at a pressure of 
50 lb. per sq. inch can have disastrous 
results, and there is no reason, if proper 
precautions are taken both in design and 
maintenance, to assume that there is any 
greater liability to explosion or failure 
as a consequence of increase in pressure. 
Whilst high steam pressure gives great- 
er economy in fuel consumption, it de- 
mands complication in design, and care 
must be taken that the economies in fuel 
are not absorbed in the increased cost of 
maintenance of the boiler and of the ma- 
chine as a whole. Simplicity of design 
is an important factor, because simplicity 
generally results in accessibility. Time 
alone can prove which of the designs, if 
any, that have been recently produced, 
will result in such overhead economies as 
will justify their general adoption. The 
results which may reasonably be expect- 
ed from the use of high steam-pressures. 
on locomotives are so attractive that en- 
couragement should be given to the pro- 
duction and development of designs by 
which these results can be attained. 
Reciprocating pistons have been adopt- 
ed in all the latest high-pressure locomo- 
tives, as this form of conversion of energy 
appears to be the most advantageous for 
meeting all conditions which a locomotive 
is required to fulfil. It is interesting 
to note that in the high-pressure locomo- 
tives which have been produced during 
the last five years, both two-, three-, and ~ 
four-cylinder compounds have been 
adopted. The Author proposes to de- 
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Fig. 2. — Delaware and Hudson Railway locomotive « James Archbald ». 
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scribe in some detail the notable high- 
pressure locomotives which have been 
produced in America, Germany, Switzer- 
land, and England since 1924. 


Delaware and Hudson two-cylinder com- 
pound locomotives. — The first of these 
was built in 1924 by the American Loco- 
motive Company to the designs of Mr. John 
E. Muhlfeld, for the Delaware & Hudson 
Railway, and marks the first distinct ad- 
vance in boiler pressure on a main-line 
locomotive, the pressure being 350 Ib. 
per sq. inch. The engine was called « Ho- 
ratio Allen » (+). It is a two-cylinder 
compound with 2-8-0 wheel arrangement, 
the tender being fitted with a booster. 

The boiler barrel follows usual prac- 
tice, but over it, on each side, two cylin- 
drical drums are fixed. These extend 
from the rear end of the firebox nearly 


‘to the front of the boiler barrel. Two 


shorter drums form the lower sides of 
the firebox, the front wall being formed 
by a flat water space with ordinary stays. 
The upper drums are connected to this 
flat water space, and pass through it. 
The boiler barrel is secured to the front 
wall of the water space. The rear plate of 
the water space is cut away for the fire- 
box tube-plate which is fixed in it, and 
the front ends of the lower drums are 
also attached to it. The back end of the 
firebox is formed by a similar flat water 
space into which the rear ends of the 
four drums are secured. 

The top of the firebox between the top 
drums is formed by eight horizontal wa-_ 
ter-tubes connecting the front and back 
water spaces, and each of the sides by 
six rows of curvéd’ water-tubes joining 


(1) See Bulletin of the Railway Congress. 
February 1926, p. 130, and July 1930, p. 1692. 
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the upper and lower drums. The front 
ends of the upper drums are connected 
to the boiler barrel by headers, and four 
pipe connexiions are also provided; sec- 
tions of this boiler are illustrated in fig- 
ure 4. 

With this type of boiler about one- 
third of the evaporative heating surface 
is in the firebox. In ordinary locomotive 
boilers the firebox heating surface is 
only about one-tenth of the total. There 
is nothing of exceptional novelty about 
the rest of the locomotive. It must have 
given satisfaction, because the Delaware 
and Hudson Railway Company obtained 


a very similar engine from the American 


Locomotive Company early in 1927 which 
was called « John B. Jervis » (+). 

The boiler is of very similar construc- 
tion, but the pressure has been raised to 
400 Ib. per sq. inch, and a greater super- 
heating surface given. The firebox is 
slightly larger, and it is covered by sheets 
of heat-resisting steel lagged on the out- 
side, with hand-hole openings to allow 
ashes to be cleared from the fire-tubes 
and tops of the drums. The brick arch 
extends the entire length of the firebox, 
and causes the gases to flow outwards, 
and up through the side water-tubes into 
the combustion space above the arch, and 
to the fire-tubes. 


TasLe 1. 


Delaware and Hudson high-pressure locomotives. 


ae Horatio John B, James 
Allen. Jervis. Archbald. 
Date built 2 aeecoen 1924 1927 1930 
Grate area . . sq. feet. 71.4 82 82 
Heating surface : 
LCA i cr ra al alt a AM) 4 187 4247 4 444 
Totalevaporative . . 2... 2. — 3 200 3 124 3 439 
PEPYCAtOD ee es) A eg 579 700 - 4 087 
Boiler pressure . . lb. per sq. inch. 350 400 500 
Cylinders : ; ‘ 
Diameter, H.P. . inches. 23 1/2 2241/4 20 4/2 
_ Baas, Wouat* gabe ak ee _ 41 38 35 41/2 
PSUR CHC GaN att * ory tygh taht Sheep or le. git a 30 30 32 
Driving-wheels, diameter . . 2. 2.) — 57 57 63 
Adhesive weight tons. 138 432 134 
Total weight of engine Ay ROW Uta _ 156 150 459 
Traclive force : 
TES od Se Ee ee - 84300 85 000 85 800 
Pam pOund ss. es. hy yn leh teh — 70 300 70 800 71 600 


i eee ee Eee 


(1) See Bulletin of the Railway Congress, June 1927, p. 552, and July 1930, p. 1692. 
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The results obtained in advancing by 
progressive stages having proved satisfac- 
tory, the Delaware and Hudson Railway 
Company in 1930 produced a third engine 
in which the pressure was increased to 
500 lb. per sq. inch, which was named 
« James Archbald » (+). This. engine has 
a boiler of the same type as the previous 
engines, but its external appearance is 
noticeably different, the boiler being en- 
closed by an outside casting which effec- 
tively insulates and stream-lines the up- 
per part. The superheating surface has 
been considerably increased, giving a 
steam temperature of 700° to 750° F. A 
photograph of this ‘engine is shown in 
figure 2. 

The main dimensions of these three 
locomotives are given in table 4. 


The Schmidt-Henschel three-cylinder 
compound locomotive. — In 1926 one of 
the standard three-cylinder 4-6-0 engines 
of the German State Railways was con- 
verted by Messrs. Henschel and Sons, of 
Cassel, into a high-pressure locomotive (*). 
This engine was fitted with a multi- 
pressure type of boiler built to the de- 
sign of the Schmidt Superheater Com- 
pany, in which steam was produced at a 
pressure of 850 lb. per sq. inch by means 
of a closed circuit in which the heat 
transfer medium was distilled water. The 
design was the result of the invention 
and many years’ investigation of the late 
Dr. Schmidt. A full description of this 
engine was given by Mr. R. P. Wagner, 
Chief Engineer of the German State Rail- 
ways, before the Institution (°), in 1927, 


(1) See Bulletin of the Railway Congress, 
July 1930, p. 1697. 

(2) See Bulletin of the Railway Congress, 
January 1980, p. 287. 

(3) See Proceedings, Institution of Mechan- 
ical Engineers, 1927, vol. II, p. 961. 


and only a brief account of the principle 
of its operation, therefore, is given in this 
paper. 

In this system the tubes forming the 
walls of the firebox are filled with dis- 
tilled water. They are subject to direct 
radiant heat, and owing to the purity of 
the water there is no corrosion or scaling 
to cause overheating of the tubes. The 
principle is illustrated diagrammatically 
in figure 3. The steam is generated in the 
firebox tubes at a pressure of 1200 to 
1600 lb. per sq. inch, the pressure de- 
pending on the rate of firing. The steam 
passes through separating drums to the 
heat-transfer elements situated in the 
high-pressure drum. The difference in 
temperature between the saturated steam 
of 1200 to 1600 Ib. pressure in the heat- 
transfer elements, and the water in the 
high-pressure drum at 850 Ib. per sq. 
inch pressure causes the latent heat in 
the steam to evaporate the water. The 
steam in the closed. circuit is con- 
densed by the removal of its latent heat 
and returned as water by way of the 
down-pipes to the firebox bottom ring. 

The boiler consists of two sections; one 
section generates the high-pressure steam 
at 850 Ib. per sq. inch in a high-pressure 
drum by means of the closed circuit as 
described above, and the other section, 
which is similar to the barrel of an or- 
dinary locomotive boiler, produces steam 
at about 200 lb. per sq. inch pressure. 
Figure 4 shows sections of this locomo- 
tive, and from these the design of the 
boiler can be seen. The high-pressure 
drum is a solid forging of about 3 feet 
internal diameter and is protected from 
the direct heat of*the firebox gases by 
the cross-over tubes and by steel protee- 


tion plates covered with asbestos sheets. — 


The heating elements are inserted into 
the drum through a manhole at the rear 
end and consist of pipes 1 1/2 inches dia- 
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Fig. 3. — Diagrammatic sketch of the Schmidt high- 


pressure locomotive flrebox. 


meter arranged in groups of coils. The 


inlet on each element is connected to the 
separator drums and the outlet to the 
firebox ring. 

The low-pressure boiler has flues 3 1/4 
inches outside diameter and néarly all 
these contain superheater elements. The 
flues at the top contain the low-pressure 


~elements, and those at the bottom, ele- 


ments for high-pressure steam. The wa- 
ter from the tender is fed into the low- 
pressure boiler by ordinary injectors or 
feed-pumps. The feed for the high-press- 
ure drum is delivered by a pump from 


-Fig. 4. — Schmidt-Henschel high-pressure 
locomotive. 


the low-pressure boiler, the water being 
at a temperature of 390° F., which is the 
saturated steam temperature of the low- 
pressure boiler; consequently most of the 
solid matter in the water has been depo- 
sited in the low-pressure boiler. 

In operation, superheated steam from 
the high-pressure boiler enters the centre 


_eylinder and exhausts into a receiver 


where it mixes with superheated steam 
from the low-pressure boiler, the combin- 
ed steam passing to the low-pressure cyl- 
inders and so to the blast-pipe. The op- 


eration of the locomotive is similar to 
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Fig. 5. — Winterthur high-pressure locomotive. 
1, Steam-drum. 13. Safety-valve. 25, 26. Ash outlets. 
2, 3. Bottom drums. 14, Regulator, 29. Feed-pump. 
4, 5. 6. Water-walls. 15, 28. Superheaters, 30. Feed-preheater. 
7. Water-tubes. 16, 27, 31, 32. Stop-valves. 33. Tank. 
8. Stay-tubes. 17, 18. Main feed-heater and delivery. 34. Water-gauge. 
9. Firebox. 19, 24. Smokebox and chimney. 35. Engine. 
10, 12. Combustion chamber. 20, 21, 22. Air-heater and dust. 36. Drain. 
Tl. Grate. 23, 36, Exhaust pipe. | 
} 
one of ordinary type as the two regula- and 15 Ib. respectively, giving an econ- ; 


tors are coupled together and the revers- 
ing gear is controlled by one lever. 
The locomotive was delivered in 1926, 
and after several minor alterations was 
put into ordinary service and has given 
satisfactory results. Before being put in 
regular service, it was subjected to a se- 
ries of comparative trials with locomo- 
tives of the standard three-cylinder sim- 
ple type as used for express trains on the 
German State Railways. The coal con- 
sumption per drawbar horse-power hour 
of the Schmidt engine was about 2.5 Ib., 
and the steam consumption about 18 lb. 
Since then certain modifications have 


been made resulting in further reduction 
of fuel and steam consumption to 2.15 Ib. 


omy of 35 % in fuel and 23 % in steam . 
as compared with engines of the standard 
type. The calorific value of the fuel used 
was approximately 12600 B.T.U.per lb. 

The proportion of the total power sup- 
plied by the high-pressure boiler at low 
output is 65 % and at higher output falls 
to 55 %. As the remainder of the steam 
is formed at ordinary boiler pressure, it 
is now appreciated that greater savings 
will be possible if a greater proportion 
can be generated at the higher pressure. 
In the latest designs the ratio has conse- 
quently, been alteréd, the function of the 
low-pressure boiler becoming mainly that 
of a preheater and supplying only a very ~ 
small. proportion of the low-pressure 
steam. 


, 
| 
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TABLE 2. 


Comparative data of Schmidt multi-pressure locomotives 


Railway. German London New York Canadian | Paris, Lyons 
State Rys. Midland Central. Pacific. & Mediter- 
& Scottish. ranean. 
TCS a a em 4-6-0 4-6-0 4-8-4 2-10-4 4-8-2 
SSE e 2 Ai oar Coal. Coal. Coal. Oil. Coal. 
Grate area . sq. feet. 26.6 28 70 righ 41 
High-pressure boiler : 
Heating surface : 
Firebox . . sq. feet. 217.6 = 422 515. 323 
Heat-tran-fer elements 
sq. feet. 426 368 660 750 407 
Superheater. . » 430 274 _- — 507 
Boiler pressure q 
Ib. per sq. inch. 850 900 850 850 850 
Low-pressure boiler : 
Heating surface: 
Flues. . sq.feet. 4 265 1 335 3 229 3 146 4 680 
Superheater. . ” 426 355 — -- 525 
Boiler pressure 
Ib. per sq. inch. 205 250 250 250 200 
| High-pressure cylinder : 
Diameter. . inches. 11.4 41.5 13 15.5 9.5 
Stroke . . ; ” 24.8 26 30 28 25.6 
Low-pressure cylinders : 
Diameter. . inches. LO 18 23 24 22 
Stroke Sh tet ” 24.8 26 30 30 27.5 
Driving wheel : 
Diameter . . inches. 78 84 69 63 70.8 
Weight of engine. . tons. 94 89.3 {81 206 415 
Tractive effort pdb. — 33 200 66 000 83 300 — 


During 1930, a locomotive having a 
boiler of this type was built by the North 
British Locomotive Company, of Glasgow, 
for the London, Midland and Scottish 
Railway Company, and later on in the 
year another of these engines was built 
by Messrs. Henschel and Sons for the 
Paris, Lyons and Mediterranean Railway 
of France. Engines having boilers of 
this type are at present under construc- 
tion for the Canadian Pacific Railway 


and the New York Central Lines. Table 2 
gives the leading dimensions, so far as 
at present available, of locomotives 
equipped with Schmidt high-pressure 
boilers. 


Winterthur high-pressure locomotive. 
— The Swiss Locomotive and Machine 
Company, Winterthur, completed a 2-6-2 
tank locomotive about the end of 1927, 
to the designs of Mr. Bucbli, their Chief 
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Engineer, in which the steam is generat- 
ed in a boiler of the water-twhe type, car- 
rying a working pressure of 850 lb. per 
sq. inch (+). 

The general principle is shown illus- 
trated in figure 5. The boiler is fed by 
a compound feed-pump, its steam supply 
passing through a small superheater in 
the firebox. The feed-water is preheated 
by exhaust steam to a temperature of 
about 180° F., and is then pumped 
through the feed-heater situated in the 
front of the boiler, where its temperature 
is raised to about 450° F. The air to the 
grate passes through a heater situated at 
* the front of the smokebox. The engine 
is totally enclosed and has three simple 
cylinders, the cranks being set at 120’. 
It is fitted with cam-operated poppet- 
valves, and is of the « Uniflow » type, 
having exhaust passages at the centres 
of the cylinders. The single-seated pop- 
pet-valves allow of the use of a higher 
degree of superheat than would be pos- 
sible with piston-valves, and the high re- 

volution speed and « Uniflow » principle 
also assist in preventing excessive tem- 
perature drop during expansion. 
The cam-shaft is operated by means of 
_ bevel gearing from the crank-shaft, and 
different rates of cut-off and reversal are 
obtained by moving the cam-shaft trans- 
versely to bring other cams into engage- 
ment. When the locomotive is coasting, 
the valves can be lifted off their seats to 
prevent compression. The crank-shaft is 
geared to the jack-shaft by means of a 
2 1/2 to 1 flexible reduction gear. The 
rods transmitting power to the coupled 
wheels are attached to the centres of the 


leading coupling rods, thus limiting the . 


effect of angularity. 
The boiler is illustrated in figure 6. 
(1) See Bulletin of the Railway Congress. 
January 1929, p. 75. 


It consists of a top drum which acts as 
a steam+reservoir, and two small bottom 
drums. The drums are connected togeth- 
er by the water-space walls. These walls 
are pierced by a number of short tubes 
which allow the furnace gases to pass 
through. The water-tube elements con- 
sist of two vertical tubes secured at their 
lower ends to the two lower drums. Their 
upper ends are joined by a cross-tube 
which in turn communicates with the 
upper drum by means of a T piece. The 
space between the rear and centre water- 
walls is fitted with a grate and forms 
the firebox. The superheater is situated 
at the rear of the front section and com- 
municates with the header which is on 
the engine side of the regulator. The 
main feed-water heater is situated in 
front of the superheater, and is fitted 
with end caps to allow of the removal of 
scale. 

Before assembly, the various compo- 
nents of the boiler were subjected to ex- 
haustive experiments in order that ade- 
quate factors of safety should be obtain- 
ed. For example, the water-walls were 
subjected to a steam pressure of 2 800 lb. 
per sq. inch. The tube elements were also 
subjected to rigorous tests, and the com- 
plete boiler was used for some time as 
a stationary boiler so that the various 
accessories could be experimented with. 

A photograph of this locomotive is 
shown in figure 7, and its main particu- 
lars are given below : 


Boiler pressure : 850 lb. per sq. inch. 
Grate area : 14.4 sq. feet. 

Heating surface : 215 sq. feet. 

Water capacity of boiler : 594 gallons. 
Number of cylinders : 3. 

Diameter of cylinders : 8 1/2 inches. 
Stroke of piston : 13. 3/4 inches. 

Ratio of gear-wheel transmission: 1/2.5. 
Diameter of driving wheels : 60 inches. 
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Maximum speed : 50 miles per hour. 

Water tank capacity : 1520 gallons. 

Coal tank capacity : 2.7 tons. 

Weight of locomotive, empty: 62.8 tons. 

Weight of locomotive, in working or- 
der ; 90.8 tons. 


Extensive trials have been made with 
this locomotive in Switzerland, Austria, 
and France, and during some recent trials 
a coal consumption of about 2 1/4 lb. 
per drawbar horse-power hour has been 
recorded when delivering 800 horse-pow- 
er at the drawbar, the corresponding wa- 
ter consumption being slightly under 
15 lb. The calorific value of the coal was 
13500 B.T.U. per lb. 

During the trials it was found that 
most of the solid matter contained in 
the feed-water was deposited in the feed- 
water heater, but some trouble has been 
experienced by the formation of scale in 
the boiler tubes. The makers are taking 
steps which they expect will prevent this 
in future. It will be seen from the list 
of dimensions and from figure 7 that the 
locomotive is only of small size: with a 
larger locomotive it is expected that con- 
siderably better results could be obtained. 


Schwartzkopff-Loffler three-cylinder lo- 


Fig. 7, -— « Winterthur » high-pressure locomotive. 


an ae oS 


comotive. — In April 1930 an engine was ~ 


completed to the order of the German 
State Railways by the Berlin Machine 
Works, formerly known as Messrs. L. 
Schwartzkopff and Company, constructed 
to the designs of Dr. Léffler, in which 
a pressure of 1700 Ib. per sq. inch is 
used. This engine is a three-cylinder en- 
gine having two high-pressure and one 
low-pressure cylinder. 

As will be seen from figure 8, the 
principle on which the boiler is designed 
is entirely different from that of any 
locomotive which has previously been 
built, and whereas in the Schmidt engine 
distilled water is used as a medium for 
transmitting the heat from the fire to 
the water from which steam is generated, 
in this case the medium of transfer is 
steam highly superheated in tubes form- 
ing the walls of the firebox. Steam in a 
saturated condition is drawn from the 
high-pressure drum by means of a cir-, 
culating pump and is forced through the 
superheater tubes referred to above, in 
which if becomes’ superheated to a tem- 
perature of about 900° F., and the press- 
ure raised to approximately 4700 Ib. per 
sq. inch. About one-quarter of this steam 
is used for supplying the high-pressure 
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1. High pressure drum. 
_ 3, 51. External steam supply. 
Delivery and outlet pipes. 
6». Pipes to circulating pumps. 
7x. Circulating and feed pumps. 
_ Delivery to H.P. superheater, 
9%. H.P. superheater. 
H.P. steam-pipe. 
Non-return valve, steam. 
»P. regulator. 
-P. cylinders, 
Return pipe to H.P. drum. 


cylinders, and the remaining three-quart- 
ers is returned to the high-pressure eva- 
porating drum. This raises the tempe- 
rature of the water in the drum, and the 
steam so generated passes again to the 
circulating pump for superheating as 
described above: 
from the high-pressure cylinders passes 
first through an oil-separator, then 
through the feed-water heater from 
which the low-pressure boiler is supplied, 
and thence through tubes in the low- 
pressure boiler, in which pressure up to 
about 225 Ib. per sq. inch is generated. 
The condensate from fhe high-pressure 


The exhaust 


Fig. 8. — Schwartzkopff-Léffler three-cylinder engine, 


16, H.P. exhaust pipe. 

17. Safety-valve. 

18. Oil separator. 

19. L.P. feed-water preheater. 

20, 21, 22, 23. Low-pressure boiler. 

25. H.P. feed-water tank. 

26, 29. L.P. steam-pipe, 

27. L.P. superheater. 

28. L.P. regulator. 

30, L.P. cylinder, 

31, 32. Valves und steam-pipes for driving 
pumps. 


exhaust 


steam 


passes 
whence it is pumped back to the high- 
pressure drum through the high-pressure 
feed-water heater, any leakage in steam 
. in the high-pressure system being made 
up from the low-pressure boiler. Steam 
generated in the low pressure boiler 
passes through another superheater in 
which it is raised to a temperature of 
about 640° F., from whence it passes to 
the central low-pressure cylinder, and is 
finally exhausted up the blast-pipe. 
In addition to supplying the low-press- 
ure cylinder, the low-pressure boiler sup- 
plies steam for operating all the pumps. 


33, 34, 35, 38. Feed-water pipes for H.P. drum. 

36, 39. Non-return valves, water. 

37. H.P. Feed-water heater, 

40, 41, 42. Supplementary H.P. feedwater sy- 
stem. 

43, 45. Injector and feed-pump to L.P. boiler. 

44, 46, 47, Feed-delivery pipes, L.P. boiler. 

48, 49. Air-preheater and duct to ashpan, 

50. LP. exhaust pipe. 

52, 53. Supplementary H.P. steam to L.P. 
boiler. 

54, 55. Emergency valve and pipe. 


to a feed-water tank 
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The pumps are in duplicate, a set being 
situated on each side of the engine. Each 
set consists of three pumps : 

1. the circulating pump for circulating 
steam from the high-pressure evaporative 
drum through the superheating tubes 
forming the firebox; 

2. the pump feeding the high-pressure 
evaporative drum with the condensate 
from the high-pressure exhaust; and 

3. the pump feeding the evaporative 


drum with the make-up water from the 
low-pressure boiler. Each of the pumps 
is capable of delivering about 75 % of 
the maximum requirements of the boiler, 
and absorbs about 4 % of the power de- 
veloped. In order to improve the effi- 
ciency of the engine, the air supply to | 
the firebox is preheated to a temperature 
of 300° F. 

From an examination of figure 8 it 
will be seen that the heat generated in 


Fig. 9. — SchwartzkoffLoffler three-cylinder engine. 


the firebox is utilized first of all to su- 
perheat the steam for the high-pressure 
cylinder and the evaporative drum. The 
gases then pass through a nest of tubes 
raising the temperature of the steam sup- 
plied to the low-pressure cylinder, thence 
through the high-pressure feed-water 
heater, after that the air-preheater, fin- 
ally passing up the chimney. 

The two outside high-pressure cylin- 
ders are machined from steel forgings 
carried in cast-steel brackets bolted to 
the frame. They are free to expand in 
this bracket in a longitudinal direction 
to avoid stresses. Owing to the small size 
of the cylinders, tail-rods have had to be 


provided to equalize the power on the 
forward and backward strokes. Steam is 
distributed to the cylinders by piston- 
valves and in all other respects the con- 
struction of the motion, frames, ete., is 
similar to that employed by the German 
State Railways. 

The Author has described only the 
main principles of the Léffler locomo- 
tive, but whilst no doubt every effort has 
been made to utilize as far as possible 
the heat, generated in the firebox, it must 
be admitted that this has only been effect- 
ed by a very intricate and complicated ~ 
system of tubes and drums. It will be 
appreciated also that the design involves 
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the use of a very large number of joints 
* and connexions, a failure of any one of 
which might have serious results. An- 
other serious drawback to this locomotive 
is that steam can only be raised if a steam 
supply from another source is available 
for the initial heating up of the water in 
the high- and low-pressure steam genera- 
tors. The pressure in the latter must rise 
to about 70 lb. per sq. inch before the 
pumps can be started, and until then the 
fire cannot be lit in the grate. It is usu- 
ally convenient to obtain this steam from 
another locomotive. The most important 
feature, however, in connexion with the 
working of the engine, is the necessity 
for absolute reliability in the circulating 
and feed-pumps, and this no doubt is the 
reason why the designer has thought fit 
to duplicate this feature in the engine. 

In the Loffler boiler there is no neces- 
sity to use distilled water, ordinary feed- 
water being quite satisfactory because the 
concentration and deposit of scale is only 
possible in the high-pressure evaporative 
drum which is not heated by either fire 
or high-temperature circulating tubes as 
in the case of the Schmidt boiler. Boiler 
scale will therefore have no injurious 
effect. 

‘Special precautions have been taken to 
ensure safety as far as possible. Non-re- 
turn valves are situated in the high-press- 
ure steam and feed-water pipes so that 
in the event of a superheater pipe burst+ 
ing, the high-pressure drum is isolated, 
and only the steam in the superheater 
can escape. Safety devices have also been 
incorporated for rapidly reducing the 
firebox temperature in case of pump 
failure. 

It is claimed that with this locomotive 
- a fuel economy of 45 % will be attained 
and its overall thermal efficiency will be 
raised to nearly 18 %. It is difficult to 
reconcile these claims, as an efficiency of 


18 % is more than double that of an 
ordinary locomotive. Trial runs have 
been made with this locomotive but the - 
Author has not been supplied with the 
actual results obtained. A photograph of 
this locomotive is given in figure 9, and 
its main dimensions are given below : 
Grate area : 26 sq. feet. 


Heating surfaces : 


High-pressure superheater: 970 sq. feet. 
Low-pressure superheater : 344 sq. feet. 
High-pressure preheater : 764 sq. feet. 
Low-pressure boiler : 882 sq. feet. 


Boiler pressures : 


High-pressure boiler : 1700 Ib. per sq. 
inch. 
_ Low-pressure boiler: 245 Ib. per sq. 
inch. 


Motion : 


Diameter of high-pressure cylinders : 
8 5/8 inches. 

Stroke of high-pressure cylinders : 
26 inches. 

Diameter of low-pressure cylinder : 
23 5/8 inches. 

Stroke of low-pressure cylinder: 26 
inches. 

Diameter of driving wheels: 78 3/4 
inches. 

Diameter of bogie wheels: 33 41/2 
inches. 

Diameter of trailing wheels: 49 1/4 
inches. 

Weight empty (calculated): 140 tons. 

Weight in working order (calculated) : 
113. tons. 
_ Adhesive weight : 59 tons. 


Four-cylinder high-pressure compound 
locomotive, London and North Eastern 
Railway. — The first British high-press- 
ure locomotive to be built is the four- 
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Wig. 10. — Four-cylinder high-pressure compound locomotive, London and North Eastern Railway. 
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Diam, i 
‘Water drums, forward : 
Length, 92,3 = =< peso 
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Water drums, back : 
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Diam. inside . 
Smokebox length 
Working pressure... -- 


Tubes. 
Small : 
Number. 
Diam. outside .....-.- 
Combustion chamber : 
Number. 
Diam. outside. .=... 
Firebox : 
Number. 
Diam. outside.....-.- 


Heating surface. 
TCO OShies bemene seek lea 
Combustion chamber .. . 
Small tubes 
Total evaporative ..... 


Superheater. 
Number of elements... 
Diam.apside +... 7-325. 
Heating surface......- 
Total heating surface. . . 


Awles. 
Journals : 
ROBE coe peseh te ae cranes 
Coupled wheels ..... 
Carrying — 
Bissel — 


Orank-pins. 
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*EUSIAS: Shem Wye tee 
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1 it. 7 in. Coupled wheels : 
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Carrying wheels : 


nV WOM i paeime Geese seve 
HUGE UR te cehe he Notice apie” 
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195 = Higa cage miro oir e 
872 = Valves : 
1986 — Ai deerytrye se 3. Boni ants 
iam MEL. Peet ene 
“(5 Diam i Pi. PA 
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Max. travel, L. P.... 
Steam lap, H. P..... 
SteamMlap, Ts Pu .8 . 
Exhaust lap... .... 
Cut-off in full gear, H. P. 
Cut-off in full gear, L. P. 
Tractive effort. . i... 
Total adhesive weiglit . . 
Adhesive weight: tractive 
effort . 
Brakes. 


140 sq. feet. 


er ahs “ae [s/).0) inp! oe 


oy 90 %. 


4in. X 43/8 in. 
6 in. X 41/4 in. 
4in. X 41/21. 


Laminated. 
2 ft. 6 in. centres. 
8 


41/2in. wide X 7/16 in, 


Laminated. 
3 fit. 6 in. centres. 
11 
5 in. wide X 5/8 in. 


Laminated. 
4 ft. 6 in. centres. 
10 
5 in. wide X 5/8 in. 


Helical. 
5 1/2. in 
10 3/16 in. 


(2) 10 in. X 26 in. 
(2) 20 in. X 26 in. 


8 9/16 in. 

6 11/16 in. 

1 3/8 in. 

1 5/8 in. 
nil. 


1 %. 
32 000 Ib. 
140 000 Ib. 


4.37 
Steam brake and 
vacuum ejector. 
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Fig. 10. — Four-cylinder high-pressure compound locomotive, London and North Eastern Railway. 
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Fig. 11. — Sectional elevation and plan cf high-pressure four-cylinder compound express locomotive, with Yarrow-Gresley water tube boiler, London & North Eastern Railway. 


(Reproduced from The Railway Engineer.) 
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_cylinder compound engine of the London 
and North Eastern Railway, which was 
completed at the end of 1929. Unlike his 
Continental colleagues, the Author, in de- 
signing this engine, thought it advisable 
fo be content with what may be regarded 
as only a moderate increase in boiler 
pressure to 450 lb. per sq- inch. In com- 
ing to this decision he was largely influ- 
enced by consideration of maintenance 
costs and the desirability of advancing 
by stages. Past experience of revolu- 
tionary designs has been that the spec- 
tacular advancements have not always 
been justified by results, and consequent- 
ly the Author deemed it wiser to seek pro- 
gress on a less ambitious scale. He also 
recognized that as the pressure increases 
the econemies to be expected in fuel con- 
sumption are in a diminishing ratio. 

He decided to adopt a boiler of the 
water-tube type, in view of the successful 
application of such boilers to high press- 
ures in marine practice and in large pow- 
er stations. In September 1924 he ac- 
cordingly approached Mr. Harold Yarrow, 
of Glasgow, whose firm are so well known 

’ as designers and builders of water-tube 
boilers, and suggested to him a design of 

boiler of the water-tube type which might 
be applied to locomotives. A water-tube 
boiler suitable for a locomotive involves 

a radical departure from the usnal de- 
sign of such boilers for marine and land 
purposes, and upwards of three years 

of work on the part of Mr.. Yarrow 
and the Author resulted in the comple- 
tion towards the-end of 1927 of the 
final design, which was patented in their 

joint names. Early in 1928 an order was 
placed with Messrs. Yarrow to proceed 
with the construction of the boiler, which 

was completed and tested in October 1929. 
The engine was built at the Darlington 
Works of the London & North Eastern 
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Railway, and. ran its trial trip on 12 De- 
cember 1929, 

The drums of the boiler are of suffi- 
cient diameter to allow a man to get in- 
side them for the purpose of expanding 
the tubes. To suit the conditions pecu- 
liar to a locomotive, it was felt that tubes 
of a large diameter only should be used; 
the tubes in the firebox end of the boiler 
being 2 1/2 inches external diameter and 
the tubes in the forward part 2 inches. 
Figure 10 gives a sectional elevation and 
cross-section of the boiler and shows its 
general form of construction. The con- 
siderations which govern the design of 
marine and land boilers are so entirely 
different from those required in a loco- 
motive boiler, that there is very little si- 
milarity between the boiler used on this 
engine and the ordinary type of water- 
tube boiler, as will be seen from the pho- 
tograph, figure 12. 

In the ordinary Water-tube boiler rest- 
ing on foundations, the boiler can ex- 
pand freely in any direction, and the 
tubes, not being subjected to vibration 
and racking stresses, are not liable to 
leak. In a locomotive, the boiler must be 
so secured to the frame that in addition 
to standing the shocks and vibrations con- 
sequent upon the engine running at high 


‘speed upon a railway, if must be capable 


of withstanding the shocks which occur 
when a locomotive is shunting, or comes 
in contact with buffer stops, or possibly 
becomes derailed. 

It is necessary also to have due regard 
to the fact that the boiler provides an im- 
portant structural element in the con- 
struction of.a locomotive and contributes 
to its rigidity. It will be seen from the 
diagram that in this boiler the large 
steam-drum forms the backbone of the 
boiler, from which the tubes and the 
small drums depend. At the forward end. 


Fig. 12. 


this drum is carried in a east-steel cradle 
into which it is firmly secured by large 
strap bolts, and any fore-and-aft movement 
is entirely prevented by stops which are 
machined on the lower side of the drum. 
The cradle in turn is secured to the en- 
gine frame by 41-inch steel plates extend- 
ing downwards inside the main engine 
frames, to which they are securely rivet- 
ed. The steel drum must be free to ex- 
pand longitudinally, and accordingly the 
back end is secured to the top of a trian- 


— Boiler. 


gular-shaped transverse plate which in 
turn is secured at its lower extremity to 
the engine frame. The drum therefore, 
whilst being free to expand longitudin- 


ally, is constrained from side or vertical. 


motion. 

The four smaller drums are not sup- 
ported, but hang’from the water-tubes. 
Rectangular lugs are riveted to the low- 
er side of each of these drums at their 
forward and back ends. These rectan- 
gular lugs are free to slide longitudinally 
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in grooved castings which are secured to 
the engine frame, but as they do not 
reach the bottom of the grooves, they 
are also free to move vertically. These 
lugs and grooves are provided to res- 
train the drums from any side move- 
ment. If was considered that this was 
the best way of preventing the transmis- 
sion of vibration and shocks to the tubes 
in such a way as might cause leakage. It 
is interesting to note that this method of 
construction has been completely success- 
ful, in that there has been no case of the 
slightest leakage occurring at any of the 
1536 points at which the tubes have been 
expanded in the drums. 

In adopting a water-tube boiler, the 
Author was not unmindful of the troubles 
which might reasonably be expected to 
result from scale formation in the tubes. 


- Unlike marine and power-house boilers, 


in which the boiler feed is derived from 
the condensate and only a very small 
make-up of fresh water is required, the 
locomotive boiler requires 100 % of 
make-up water. In order to prevent the 
formation of scale as far as possible, the 
Author decided to introduce the feed-wa- 
ter at the highest possible temperature. It 
will be seen from the diagram that the 
feed-walter is introduced into a cham- 
ber at the forward end of the top 
drum in front of the water-tubes and 
separated from the evaporative portion of 
the boiler by a weir at a height of about 
half its diameter. 

The water is supplied from the tender 
by means of two ordinary injectors, and 
is delivered into this forward space of 
the top drum, after passing through a 
form of injector heater. The latter has 
two sets of cones in which the injector 
action is repeated by steam from the 
steam space in the boiler. Heat is ab- 
sorbed to such an extent by the feed-wa- 


ter that its temperature when delivered 
into the water chamber is over 400° F. 
and is therefore only about 50° less than 
that of the saturated steam in the boiler. 
Much of the scale and mud is consequent- 
ly thrown down in the forward portion 
of the top drum. 

But for this arrangement for dealing 
with the feed-water, considerable trouble 
due to the formation of scale would have 
to be expected; as it is, after running 
some 15 000 miles, a slight deposit of hard 
scale was found on the inner rows of 
tubes in the firebox. This was at first 
not easy to detect, and in consequence 
about half-a-dozen tubes on each side of 
the firebox adjacent to the brick arch 
showed signs of overheating and had to 
be changed. The experience gained has 
resulted in the development of an appar- 
atus by which the hardest scale can be 
readily cut out without damage to the 
tubes, and this wili probably be necessary 
when the engine has run some 10000 to 
15.000 miles, according to the class of 
feed-water used. 

On the other hand, experience has also 
shown that this boiler can be worked for 
a much longer period than the ordinary 
type of locomotive boiler before requir- 
ing to be washed out. When stationed at 
Gateshead the locomotive worked express 
trains from York to Edinburgh and back, 
involving a daily run of about 420 miles. 
Whilst other engines of the Pacific type 
in the same « link » require washing out 
after running 1000 to 1500 miles, this 
engine ran 5000 miles without washing 
out, and when opened up it was found 
that the boiler was exceptionally clean 
and the tubes were in good condition. It 
was, however, found that the accumula- 
tion of mud and scale, which usually 
occurs above the foundation ring in an 
ordinary boiler, had fallen into the drums 
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(Reproduced from The Railway Engineer.) 
Fig 13. — End elevation of footplate, showing fittings. 
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box. This material remained in the 

drums in the form of mud, from which 

it was easily removed, whereas if it had 

been in the sides of an ordinary locomo- 

4 tive firebox, much of it would have form- 
ed into scale. 

Other means, which will be described 

later, have been recently embodied, by 

z which the temperature of the water when 


delivered in the feed-water space in the - 


top drum is further increased before it 
passes to the evaporative portion of the 
boiler. 

Tn a test which was carried out at the 
makers’ works, an evaporation of 20 000 lb. 
per hour at 450 Ib. per sq. inch was main- 
tained for a period of four hours by the 
introduction of a steam jet up the chim- 
hey. This high rate of evaporation is 
possible owing to such a large proportion 

of the heating surface available being 
subject to direct radiant heat. In the or- 
dinary form of locomotive boiler only the 
firebox is subject to radiant heat, and 
the evaporation per square foot of heat- 
___ ing surface of the tubes is only about 
_ One fifth of that of the firebox sides. 
} The superheater elements in this boiler 
are located in the forward portion of 
the central flue and are also subject to 
radiant heat. In order to prevent the 
_ flame impinging directly on the ends of 
the elements, a brick column is provided 
in the centre of the main flue immedia- 
; tely in front of the brick arch. Notwith- 
_ standing this precaution, and owing to 
the fact that there were no data available 
as to the effect of radiant heat om super- 
heater elements, the temperature to which 
the steam was superheated during the 
preliminary trials was excessive, tempera- 
tures of 900° F. being obtained; conse- 
quently the lengths and area of the super- 
heater elements have been reduced so 
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below the grate on each side of the fire- ~ 


Fig. 44. — Four-cylinder high-pressure locomotive, London and North Eastern Railway. 
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that a temperature of approximately 
700° F. can now be obtained, and this 
is regarded as sufficient. The super- 
heater elements are situated between 
the boiler and the regulator and are, 
therefore, always subject to full boiler 
pressure. In order to prevent overheat- 
ing when the regulator is closed, the 
steam supplied for auxiliary services ‘is 
taken from the superheater and passes 
through a coil of ribbed pipes laid in the 
feed-water chamber, thus raising further 
the temperature of the boiler feed and 
at the same time de-superheating the 
steam. This de-superheated steam is led 
to the reducing valve where its pressure 
is reduced to 200 lb. per sq. inch. Steam 
from this reducing valve supplies a mani- 
fold pipe on the footplate across the front 
of the boiler above the firehole door. 
From this manifold pipe steam at 200 lb. 
per sq. inch pressure is taken for supply- 
ing all the auxiliary services, such as the 
injector, vacuum and steam brake, revers+ 
ing gear, steam-sanding, steam-heating, 
whistle, and turbo-generator. It has been 


possible to retain the standard steam fit-. 


tings for all these purposes. Figure 13 
shows the end elevation of the footplate 
and the arrangement of the fittings. 
With a pressure of even 450 lb. per 
sq. inch special designs of boiler fittings 
and valves have to be used owing to the 
cutting action of high-pressure steam, 
but in this engine only the safety-valves, 


regulators, H. P. injector and water-gau- ~ 


ges have had to be made suitable for this 
pressure. 

After the hot gases have passed between 
the water-tubes they enter the flues loc- 
ated at each side of the boiler. Naturally 
the walls of these flues are very hot, and 
in order to reduce their temperature and 
to make effective use of this heat, which 
otherwise would be wasted, the boiler is 


surrounded by an air space lying between 
the casing of the flues and the insulated 
outer clothing. All the air required for 
combustion traverses this air space from 
the intake at the front of the engine to 
the ashpan, and in so doing its tempera- 
ture is raised to about 250° F. It has 
been found that even when working hard 
it has not been necessary to supplement 
this supply of hot air by opening the 
ashpan door. Preheating the whole of 
the air supply is bound to augment the 
thermal efficiency of the boiler. 

The only other feature of the boiler 
which calls for comment is the construc- 
tion of the front end and chimney. In- 
cidentally, the apparent absence of the 
chimney has caused more public com- 
ment than any other feature of the loco- 


motive. (Side and front views are shown - 


in figures 14and 15). In order to provide 
sufficient length for the water-tubes, it 
was necessary to have the top steam-drum 
as high as the limits imposed by the load 
gauge permit, consequently there was no 
room for a chimney of the conventional 


type. Engines having large high-pitched — 


boilers can only have very short chim- 
neys, and trouble has been experienced 
in such engines owing. to smoke and 
steam beating down on the front windows 
of the cab and interfering with the driv- 
er’s view of signals. The Author enlisted 
the assistance of Professor W. E. Dalby 
and constructed a wooden model of an 
engine of such a type. This model was 
placed in an air flume, and powdered 
chalk was blown up the chimney at the 
same time as a current of air was drawn 
through the flume at 50 m.p.h. Obser- 
vations through a glass window showed 


the course pursued by the powdered- 


chalk, and as a result of various modi- 
fications, the design finally adopted was 
arrived at. In this design the whole of 


OT ae 


Vig. 15. — Frout view of engine. 


the powdered chalk was lifted sufficient- 
ly to clear the cab windows, and -it is 
satisfactory to record that in actual ser- 


vice the smoke and steam, whether run- 
ning at slow or at high speeds, is de- 
flected upwards sufficiently to clear the 
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Fig. 16. — Molion arrangement. 
cab, and in no way obstructs the driver’s each 20 inches in diameter, all cylinders 
vision. having 26 inches stroke. It has been 

As originally built the engine had two found that by reducing the diameter of 
high-pressure cylinders 12 inches in dia- the high-pressure cylinders to 10 inches 
meter, and two low-pressure cylinders a mre equal distribution of work be- 
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Section through EB. F. 
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tween the high-pressure and low-press- 
‘ure cylinders results. 

The Author regarded it as necessary, 
whilst having only two sets of valve-gear, 
to be able to vary the cut-off of the high- 
pressure. cylinder independently of that 
of the low-pressure cylinder. He felt 
that only by trial at varying cut-offs could 
the best results be realized. He therefore 
arranged that in the rocking link by 
which the high-pressure valve is actuated, 
provision should be made by means of a 
slot and die-block to vary the travel of 
the valve, at the same time retaining the 
combination lever to keep the lead con- 
stant. The motion arrangement for both 
high- and low-pressure cylinders is 
shown in figure 16. The reversal of the 
low-pressure valve-gear, and consequently 
of the whole engine, is actuated by the 
ordinary form of steam-reverser, and a 
similar equipment is provided to- vary 
the high-pressure cut-off. Both these 
equipments are attached to the shafts 
they actuate, and being so remote from 
the footplate, their delicate control was 
not easy. This has been successfully 
effected by the use of telemotors; another 
telemotor is also provided for operating 
cylinder cocks. The high-pressure cylin- 
ders, steam-ports, passages, and low- 
pressure steam-receiver are formed by a 
single steel casting as illustrated in fig- 
ure 17, the cylinders and steam-chests 
haying special close-grained cast-iron 
liners. 

Various minor alterations and adjust- 
ments have had to be made since the en- 
gine was built, but with the exception of 
reducing the diameter of the high-press- 
ure cylinders and reducing the heating 
surface of the superheater, it has not 
heen necessary to alter any of its main 
features. 


The locomotive has worked trains of 
over 500 tons’ weight for long distances 
at express speeds with consistent success 
and reliability, and although it has not 
been possible so far to carry out any ex- 
tensive trials, there is every indication 
that it will prove more economical in 
fuel consumption than express engines 
of the latest normal types. Any economy 
effected in maintenance cost will only 
become fully apparent after the engine 
has run a few years. 

It has been ascertained that the cost 
of a water-tube boiler similar to that 
fitted on this engine will not be appreci- 
ably greater than that of the ordinary 
wide firebox type as fitted on Pacific 
engines. The most expensive components 
of the water-tube boiler are the solid- 
forged steam- and water-drums. These 
are not subjected to the action of the 
fire, and consequently may be expected 
to have a long life. On the wide firebox 
type of ordinary boiler the copper fire- 
box is the most costly section, and it is 
well known that its life is short and its 
renewal is. an expensive item. Again, in 
the ordinary type of locomotive boiler 
tubes and firebox stays are sources of 
trouble involving costly maintenance and 
occasional failures. In the design of 
boiler under consideration there are no 
stays; the tubes are more effectively se- 
cured, and are not subjected to variation 
in temperature and stress at the points 
where they enter the drums: 

In conclusion, the Author submits 
that, with the moderately high pressure 


and simple design which he has adopted, — 


economy both in fuel and maintenance 
costs. will be “secured and at the same 
time the reliability so characteristic of 
British locomotives will be fully main- 
tained. 
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Type 5 ‘‘ Mikado ” locomotives of the Belgian Railways ‘”, 


by F. LEGEIN, 


Chief Engineer, Locomotive and Rolling Stock Department of the Belgian National Railway Company. 


Fig. 1 to 5, pp. 408 to 419. 


The Belgian National Railway Com- 
pany has just put into service a new type 


of locomotive, classed as type 5, for work- 


ing the international trains on the Brus- 
sels-Arlon line (fig. 1). 

As is known, this line forms the line 
of communication from Brussels towards 
Switzerland through Luxemburg and 
Alsace-Lorraine, and presents consider- 
able traction difficulties; in fact, it con- 
sists of a succession of upward and 
downward grades, frequently of as much 
as 4 in 62, and of curves of radii as small 
as 500 m. (25 chains). The most diffi- 
cult sections of the line are those from 
Namur to Courriére [12 km. (7. miles) 
of 1 in 62 rising gradient, with a short 
stretch of level in the middle] and from 
Jemelle to Libramont, the highest point 
of the line [at an altitude of 485 m. 
(1590 feet)]. This last section, of a 
length of 32 km. (20 miles), consists of 
a continuous up-gradient with frequent 
curves and reverse curves of 500 m. 
(25 chains) radius. 

Up to the present, the international 
trains on the Luxemburg line have been 
worked by « Pacific » locomotives 
(type 10) with four cylinders, simple 
expansion, 1.98-m. (6 ft-6 in.) wheels; 


(4) Translated from the French. 


and an adhesive weight of 67 t. (65.9 
Engl. tons) (7). 

The lay-out and the present leading di- 
mensions of this type of locomotive are 
shown in figure 2. 

Although this type of locomotive has 
undergone important modifications, re- 
sulting in an appreciable increase in 
power, the load of trains which it is able 
to haul up a gradient of 1 in 62 is limited 
to 430 t. (423 Engl. tons) owing to its 
adhesive weight. 

For some years this load has been in- 
sufficient, the weight of the internatio- 
nal trains on the Luxemburg line reach- 
ing 600 t. (590 Engl. tons) during two 
or three months sf the summer. Also, 
everything goes to show that this posi- 
tion will become more pronounced in the 
future, so that the Belgian National Rail- 
way Company has considered it necessary 
to introduce a type of locomotive capable 
of hauling with one engine, a train of 
600 t. to the present timings of the or- 
dinary international trains on the line. 

In order to realise this object, an ad- 
hesive weight of 92 t. (90.5 Engl. tons) 
is necessary and as the Permanent Way 
Department allows an axle load of 23 f. 


(2) See Bulletin of the Railway Congress, 
August 1926, p. 663. 


Fig. 4. 


Sige 


(22.6 Engl. tons), the locomotives requir- 
ed need only be eight wheels coupled. 
Further as the normal running speed was 
limited to 90 km. (56 miles) per hour, 
the maximum speed of 100 km. (62 
miles) only having to be reached on 
some sections, the front end of the loco- 
motive could be carried on a two-wheeled 
truck only. This is why the Mikado type 
was chosen, the use of the trailing car- 
rying wheels being obviously necessary 
in view of the size of the firebox to be 
provided. 

The diameter of the coupled wheels 
was fixed at 1.700 m. (5 ft. 7 in.); this 
diameter is like that of foreign locomo- 
tives engaged on analogous services; it 
is also that of the old Belgian State lo- 
comotives specially working the Luxem- 
burg line (loc. types 2, 6, and 16). 

Further, this diameter is well chosen 
because it allows of the maximum speed 
(90 to 100 km. [56 to 62 miles]) per hour 
being attained, at the same time keeping 
a sufficiently high speed of rotation 
when working up heavy gradients. 

In view of being able to allow a fairly 
high load on the trailing pair of wheels, 
and of using 6-m. (19 ft.-8 in.) tubes, 
it was possible to avoid using a com- 
bustion chamber with the construction 


- and maintenance difficulties this arran- 


gement entails. 


The new locomotive has two simple- 
expansion cylinders. This arrangement 
is preferred to any other, with three or 
four cylinders, owing to its great sim-_ 
plicity, to the ready accessibility of all 
parts of the mechanism, and to: the re- 
duction of the cost’ of both construction 
and maintenance. 


Experience has also proved that simple 
expansion engines have considerable ad- 
vantages over compounds, when used over 
heavily graded lines, over which heavy 


Kenoy13ay | ca) cig) er RF RS hs otto aalsoypy O06} (ur = y/-ur © 7) ogigr soqny jo sequinyy 


*(suo) "[Suq BETH) VERE °° “JOPIO SUIYLOM Ul WYSIOA TepOy, “(qaey "bs gee) gu 90'S ° i ar 4 78 es pede oped 
NOSey DSB GHe)emghiGh? Syn ot + we ‘eoejans Suresysodng ‘(ur g/g } ay 7) ‘wu ggozfo« * S]ooyM Surpresy _ 
“(i2y “bs LO @) ur gg'zez te 1e}0} ‘Curé/P PF Wy 3) “mur 996 «= * spoon yous Sarpeay _ 
“(398} bs 7068.2) su ByreTe A Seqny > aoejans Sureoyy “(cur g 479) “UU OSE °° * * speym SUIANpP JO Jeyuel(y 

“(9007 “bs FZ) AM IEGE © Oe xoqely ‘(your “bs sed ‘qy 7°664).gW0/"aSy pT °° °° - + oanssoad SUTYIOM Japlog 
"(Ur S/LOF 93S) “Wr QD8'F * * + “Jeqavq JoT{Og JO daqjowlelp eure, UT Uva “Cargg) juror ggg °° 4 “= 9c aFOS 

‘(CUS 97) “ex 000'g © * * * *soye{d aqny uaaMyoq soqny Jo YASUE] “CUr OT/TT GT) “wargog * * * + * saepuryso ayy Jo soyourerq 
OF (ur - g/m 2 5) S8t/ceF seny jo soquinyy ¥ "7 * "ss ssgapurpéo yo requinyy 


‘suoisuew|p Buipeoy 


— 440 — 


work has to be done, and where the use 
of late cut-offs are customary. 

The method of construction of the 
cylinders, the motion, the frame, and the 
springing closely conforms to United 
States practice. The main frames are 
of the « bar » type, and the cylinders 
are secured to them on the horizontal 
centre line and are arranged to carry the 
smokebox. 

Finally, it has been deemed advanta- 
geous to make the engine higher than has 
been usual during recent years on the 
Belgian State Railways. 

The new locomotive is 4.48 m. (14 ft. 
3 4/8 in.) high above the rails, which 
the standard Belgian gauge allows. 

On the other hand, the lower parts 
have been designed to clear a tighter 
gauge than the standard, in order to make 
possible, in the future, the installation 
of new permanent way or signalling ap- 
paratus. 

The designs of this locomotive type 5, 
were made by the « Société Anonyme Les 
Ateliers Métallurgiques » at Tubize, in 
close collaboration with the Headquarters 
of the Belgian National Railway Com- 
pany’s Locomotive and Rolling Stock De- 
partment. 

The diagram, figure 3, illustrates the 
general arrangement of the engine, and 
gives its leading dimensions. 


Detailed description. 


Boiler. — The boiler pressure is 14 kgr. 
(199.4 Ib. per sq. inch). 

The centre line of the boiler shell is 
3 m. (9 ft. 10 1/8 in.) above rail level; 
it consists of three telescopic rings, the 
plates being 19.5 mm. (49/64 inch) in 
thickness, the maximum internal dia- 
meter being 2 m. (6 ft. 6 3/4 in.). 


These rings are made ef steel of a mi- 
nimum tensile strength of 40 kgr./mm®* 
(25.4 Engl. tons per sq. inch) with a 
minimum elongation of 27 %. 

The fire-box is deep, and extends over: 
the main side frames. The grate has a | 
length of 2.50-m. (8 ft. 2 4/2 in.) and 
a width of 2.20 m. (7 ft. 2.5/8 in.) giving: 
an area of 5.50 m? (59.2 sq. feet). 

Although a surface of 4.85 m? (52.2 sq.. 
feet) would have been sufficient, it was 
thought useful to increase it up to. 
5.50 m2? so as not to be always obliged 
to use fuel of the very best quality. 

The grate is of the « shaking » type, 
with a drop-grate at the front end, work-- 
ed by a hand-lever. 

The inside firebox, of copper, is of 
the ordinary type, without a combustion 
chamber. The top of the firebox is given 
a slope of 19 mm. per metre (1 in 56) 
towards the back, the locomotive being 
intended to work over undulating track. 

The arch is formed of bricks simply 
carried on four mild steel 67/76-mm.. 
(2 41/64-inch—3-inch) water tubes. 

As regards the tubes there are 170— 
50/55-mm. (4 34/32-inch—2 11/64inch) 
tubes, and 43—128/437-mm. (5-inch— 
5 25/64-inch) flues containing the super- 
heater elements. The distance between: 
the tube plates is 6 m. (19 ft. 84/4 in.). 

The box is fired through two doors of _ 
the standard type, with horizontal hinges, 
of the automatic closing type. 

The boiler is fitted with two water-- 
level indicators, of the, Dewrance type,. 
two fusible plugs, and two Coale safety 
valves, 89 mm. (3 1/2 inches) in diameter. 

The boiler feed-water is normally de- 
livered on the left hand side (the driver's: 
side), by an A. C. F. I. type R. M. feed- 
water heater of an hourly capacity of: 
21 687 litres: (4770 British gallons):. 
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_ A No. 13 under-footplate injector is 
fitted on the right side. 

The feed-pipes discharge into the for- 
ward dome in which is fitted a water 
softening device similar to that in use 
on the German Railways. 

The exhaust is duplicated, consisting 
of two blast pipes of 135 mm. (5 5/16 in- 
ches) diameter, each discharging into a 
chimney of 440 mm. (47 5/16 inches) 
diameter. 

The use of this double exhaust has 
been tried with success on the powerful 
locomotives types 10 and 36, of the Bel- 
gian National Railway Company. In the 
case of the type 5, it makes it possible 
to obtain through the blast pipes a total 
section of flow of 286.28 square cm. 
(44.5 sq. inches) which corresponds .to 
a single blast pipe of 191 mm. (7 33/64 
inches) diameter.’ As experience has 
shown, this arrangement makes it pos- 
sible to work with low exhaust back pres- 
sures, without being obliged to place the 
blast pipe tops at too low a level. 

The locomotive type 5 is fitted with 
the « Belge » (Flamme patent) super- 
heater. This superheater has two dis- 
tinct headers, one for the saturated, and 
the other for the superheated steam. 
Each header has a series of vertical 
branches situated in the space between 
two vertical rows of large tubes. The 
four tubes forming an element are 
coupled together as usual, by U bends, 
and are fitted at the collectors with 
spherical joints. ‘There are only two 
sorts of elements, right and left, all being 
of the same length, which is advantageous 
from the point of view of spares, 

The superheater tubes are 30.5/38 mm. 
(4 7/32 inches—1 1/2 inches) in dia- 
meter, and are carried inside the 
428/137-mm. (5-inch—5 25/64-inch) 
tubes. There are 43 elements for 170 
’ smoke tubes of 50/55 mm. (4 31/32 in- 


ches—2 11/64 inches) making 4 element 
for 3.9 ordinary smoke tubes. The bend 
nearest to the fire-box is 450 mm. 
(17 11/16 inches) from the tube plate. 
The proportions of the superheater are 


very large, but they appear to be reason- 


able on consideration of the large sec- 
tions of the smoke tubes, of the great 
length of the tubes and of the normal 
use of a water-heater, which helps to 
increase the boiler output. With this 
increased output, each kilogramme of the 
combustion gases should assure the su- 
perheating of a greater weight of satur- 
ated steam, and thus the conclusions for- 
mulated above are justified. 

It would have been possible to im- 
prove the superheater by decreasing the 
exterior diameter of the superheater- 
tubes, which would have made it possible 
to reduce the number of elements, but 
this solution was not adopted, because it 
would have had the disadvantage of in- 
creasing the fall of pressure while work- 
ing, between the boiler and the steam- 
chest.’ 

For service over steep gradients, such 
as the locomotive type 5 is called upon 
to give, it is extremely important that 
the boiler pressure should be as nearly 
as possible the same as that of the steam- 
chest. If this condition is not attained, 
it is necessary, for the engine to develop 
its full tractive force, to lengthen the cut- 
off; the working of the engine then be- 
coming less economical, the boiler is un- 
able to meet the demand, and the run- 
ning times cannot be kept. The use of 
a superheater of large cross-section 
which reduces the loss of pressure to the 
steam-chest, and of the double exhaust 


which diminishes the back-pressure at ~ 


the exhaust, appears to be particularly 
advantageous in the case which we are 
considering. 
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The regulator, situated in the rear 
dome, is of the usual type with balanced, 


double-seated valve; its operating gear, : 


outside the boiler, is worked by a hand 
lever above the reversing gear. The 
steam dome is on the middle ring of the 
boiler barrel, to avoid carrying over water 
with the steam, which is more to be 
feared when changes of gradient are fre- 
quent and pronounced. 

The boiler is secured in front, by the 
smoke-box, to the cylinder-block; it rests 
on two sliding blocks on a cross-member 
of the frame, behind the fourth coupled 


axle and further on four flexible plate 


supports, the last of which is under the 
back end of the foundation ring. 


Motion. —- The cylinders are of 
720-mm. (28 3/8-inch) diameter, and 
the stroke is 720 mm. (28 3/8 inches). 
These dimensions have been chosen so as 


‘to give a ratio of mean tractive effort 


to adhesive weight of about 1/4, so that 
the engine could develop, on starting, an 
effort as great as its adhesion would 
permit. 

The mean tractive effort, calculated by 
the usual formula 


2 
T= 0.75 2 


is equal to 23 053 kgr. (50 822 lb.) The 
ratio of this effort to the adhesive weight 
is therefore equal to 

23.053 4 

90 800 3.94 


3.94 


The lay-out of the cylinders has been 
done according to the American custom : 
they are fitted with inner liners. 

Either cylinder can be used for either 
side. The piston valves are 330 mm. 


y—4 


(13 inches) in diameter, being of the 
narrow-rings type commonly used in 
Germany, and which appear to be the 
type which is the tightest. 

The cylinders are fitted with auto- 
matic steam-jet snifting valves, on the 
steam pipe, under the foot plate. The 
steam is injected through a 6-mm. 
(15-64-inch) nozzle into a cylindrical 
pipe in such a way as to assist the air 
to get to the cylinders. The introduction 
of steam into the steam chest has the 
additional advantage of preventing the 
lubricating oils from burning. 

The supply of steam, regulated from 
the cab by means of a special valve, is 
only stopped during halts. 

A similar arrangement has already 
been tried with success on many types of 
the Belgian State Railways locomotives. 

By-passes of 70140 (2 3/45 1/2 in- 
ches) have been fitted tc the cylinders; 
they are of the non-automatic type, with 
cocks worked by a small compressed air 
cylinder. 

The cylinder ends are fitted with relief 
valves 85 mm. (3 414/32 inches) in dia- 
meter. — : 

The coned forged steel piston has been 
designed so as to reduce its weight as 
much as possible. With the same object 
the tail rod is bored out with a 60-mm. 
(2 3/8-inch) diameter hole. The tail rod 
is guided at the forward end in a closed 
air-tight sleeve, a simple arrangement 
used for many years on locomotives of 
the Belgian State Railways. The piston 
rod packing is of the « Crescent » type. 

The driving rod, 3.200 m. (40 ft. 6 in.) 
in length, drives the third coupled axle. 

Walschaerts valve-gear is used with a 
maximum cut-off of 78 %, in both fore 
and back gear. 
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_ Particulars of the valve motion are as follows : 

Diameter of the piston valve............ 330 mm. (13 inches) 
Width of; the: ports ys sche suscsueetels mings ie 55 mm. ( 2 11/64 inches) 
Steam lap’ “tiacedeae) wastioust «movie met ees tne ako gs: 40 mm. ( 1 37/64 — ) 
Exhaustlaprit. SstlPe: 22 apenetahe eee. 61) pale ee Be wm | 5/64 — ) 
Leade! Vi icosth. ses erie a. ste oe utes: Soe ate SBA p tie 3/16 — 3 
Maximum stroke of the valve ........... 180 mm. (7 3/32 — ) 


The weight-bar shaft is worked by a 
screw of the usual type. 

In order to make it as easy as possible 
to work the reversing gears, the driver 
can, at will, let compressed air into a 
special cylinder acting directly on to a 
crank fixed on the weight-bar shaft. 


Frame. — The frame is of the « bar » 
type. This type of frame, fitted to re- 
cently built locomotives of the Belgian 
State Railways, has been very satisfact- 
ory. 

As- well as the obvious advantages 
which result from the fact that all the 
inside parts of the frame are more vi- 
sible and accessible, the following good 
features have been observed: this type 
of frame enables a really strong cylinder 
fastening to be used, even when the cy- 
linders are very large; this is especially 
so when the cylinders are of the Ameri- 
can pattern. The rigidity of this fasten- 
ing contributes largely towards the hori- 
zontal cross-bracing of the frame. 

The bar main side frames make it easy 
to fit spring gear with the springs placed 
above the boxes, which is a real advan- 
tage as regards maintenance work; fur- 
ther, since the centre plane of the frames 
coincides with the middle of the jour- 
nals, the loads are transmitted to the 
boxes in a rational manner, and without 
unduly straining the main frames. 

The locomotive type 5 has side frames 
15 mm, (19/32 inch) thick made from 
rolled plates; they are crossbraced by 
box-type stays fore and aft, and by a 
number of cast steel stays. 


Leading truck. — The leading truck 
is of American pattern, with triangular 
connections. Its load is transmitted to 
it by a longitudinal equaliser connected 
to the springs of the first coupled axle. 

The truck frame is supported on the 
carrying-axle boxes through two concen- 
tric helicoidal springs. 

The truck has a side play of 94 mm. 
(3 45/64 inches). 

The side control gear worked by gra- 
vity has an initial load of 2770 kgr. 
(6 106 Ib.), and a maximum of 7 700 kgr. 
(16 976 Ib.). 


Trailing truck. — The trailing truck 
is also of an American (Cole and Sco- 
ville) type. 

The trailing pair of wheels has outside 
journals.- The truck frame includes the 
axle boxes. The springs are placed 
above the boxes, and are coupled by 
equalisers to those of the fourth coupled 
axle. 

As the spring gear of the truck is car- 
ried on the principal frame of the loco- 
motive, the back axle springs rest on a 
sliding block on the axle boxes, to allow 
for their movement; this sliding block 
is also articulated to allow for transverse. 
movements of the truck relative to the 
frame. 

The trailing truck allows of a be 
ment of 108 mm.’ (4 11/32 inches) o 
each side, and is fitted at the back with 


side control gear consisting of a heli-— 


coidal spring which gives initial and 
final centering forces of 950 and 
4935 kgr. (2094:and 4266 Ib.). 
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Wheels and axles. — Having regard 
to the heavy loads on the driving and 
coupled wheels, these wheels have been 
fitted with thicker tyres than have ever 
before been used by the Belgian State 
Railways. This thickness has been raised 
form 76 mm. to 81 mm. (3 to 3 3/16 in- 
ches). 

The truck wheel tyres have the usual 
thickness of 76 mm. (3 inches). 

In order that the engine can run round 


the curves, the flanges of the second ar.. 
third pairs of coupled wheels have been 
reduced by 145 mm. (19/32 inch). None 
of the coupled wheels has any side play. 

Owing to these facts, and to the play 
given to the leading and trailing trucks, 
the locomotive can take a curve of 130 m. 
(6 1/2 chains) radius. 

The leading dimensions of the journals 
and the crank-pins are given in the two 
tables below. 


Axles. 


Diameter Journals. 
DESCRIPTION. on. . 

4 the tread, a 1 pte 
(4 mm. {mm. mm, mm. 
eading truk. 4st pair of wheels . 900 (2 ft. 44 1/2 im.) } 190 (74/2 in.) | 360 (44 3/46 in.) | 4 000 (3 ft. 3 3/8 in.) 
4 2nd — — 4700 (5 ft. 7 in.) 260 (10 4/4 in.) | 825 (12 25/32 in.) | 1040 (8 ft. 5 in.) 
Coupled A Sic 4700 (5 ft. 7 in.) 260 (10 1/4in.) | 325 (12 25/32in.)| 1040 (8ft. 5 in.) 

axles, 4rd —  —(driving) | 1700 (5 ft. 7 in.) 805 (42 in.) 825 (12 25/32 in.) | 1040 (8 ft. 5 in.) 

Sth —  — 4700 (5 ft. 7 in.) 260 (10 4/4 in.) | 325 (12 25/32 in.)| 1040 (8 ft. 5 in.) 

railing truck. 6th — — 1 262 (4 ft. 119/32 in.)} 200 (77/8in.) | 350 (18 25/82 in.) | 2470 (7 ft. 4 7/46 in.) 


DESCRIPTION. 


mm, mm mm. 
| onnecting rods. . 225 (8 7/8 in.) 206 = (7 7/8 in.) 2284 (7 ft. 5 29/32 in.) 
|dupling rods: 4st pair of wheels . 430 = (5 1/8 in.) 430 (5 4/8 in.) -4 880 (6 ft. 2 in.) 
ee ak 130 (5 4/8 in.) 130 (5 4/8 in.) 1906 (6 ft. 3 in.) 
eee Sg 235 © (9 1/4 in.) 130 (5 1/8 in.) 1915 (6 ft. 3.25/64 in.) 
| Re 130 (6 4/8 in.) 130 (54/8in.) | 1880 (6 ft. 2 in.) 
‘ 


Crank pins. 


Distance between 
wheel centres, 


7 
The layout of the coupled wheels has 
some interesting features : the power de- 
veloped by the piston being very great, 


57 000 kgr. (125 660 lb.), the crank pins 
had to be given a sufficiently large dia- 
meter (235 mm. [9 4/4 inches] at the 
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wheel seat). Further, owing to the high 
value of this force and to the heavy axle 
load, the diameter of the wheel seat has 
been raised to 3145 mm. (12 25/64 in- 
ches). Although the radius of the crank- 
pin is rather large, 360 mm. (414 3/16 in- 
ches), relatively little material is left in 
the weel centres between the crank-pin 
and the axle, viz., 85 mm. (3 411/82 in- 
ches). 

To ensure the wheel remaining tight, 
and at the same time providing in the 
wheel centre a crank capable of resisting 
the enormous forces to which it is sub- 
jected, the wheel boss and the erank-pivot 
hole have been connected by an elliptical 
shaped mass of metal. 

With the object of lightening the driv- 
ing wheels, a 90-mm. (3 35/64-inch) hole 
has been bored through the crank pin 
which allows of the balance-weights 
being lessened correspondingly : through 
the axle itself, a 75-mm. (2 61/64-inch) 
hole has also been bored. 


Spring gear. -— The load on the leading 
truck is carried as stated above, by two 
concentric helicoidal springs. 

The springs for the coupled axles are 
950 mm. (3 ft. 1 3/8 in.) in length, and 
have 17 plates, 120 x 40 (4 3/4 X 3/8 
inches), those of the trailing axle are 
1400 mm. (4 ft. 7 1/8 in.) in length, 
and have 16 plates of 120 x 413 (4 23/32 
< 4/2 inches). 

The springs of the two first coupled 
axles are connected by equalising levers, 
one of which is transversal to those of 
the leading truck; those of the two last 
coupled axles are connected by equalisers 
to those of the trailing axle. This latter 
connection through equalisers consists of 
a transverse equaliser, behind the fourth 
coupled axle; this equaliser is not loaded 
in the middle, but at two points 330 mm. 
(1 ft. 1 in.) from either end. 


Consequently the spring gear as a 
whole, may be taken as practically giving 
three points suspension. 

Following the American practice, no 
adjustment has been provided on the 
spring pins. 

Silicon-manganese steel has been spe- 
cified for the spring plates. 


Counterbalancing. — The counterba- 
lancing of the reciprocating parts has 
been designed so that the additional load 
on each wheel shall not exceed 15 % of 
the static load at the maximum speed 
of 100 km. (62 miles) per hour. This 
rule only allowed about 18 % of the 
weights of the reciprocating parts to be 
balanced, although these parts have been 
made as light as pessible. 


Brakes. — The locomotive is equipped 
with the automatic and direct Westing- 
house brakes. The coupled wheels alone 
are braked. The total braking force is 
equal to 65 % of the adhesive weight, 
and is obtained by means of two cylin- 
ders, 380 mm. (14 15/16 inches) in dia- 
meter, carried on a cross-member si- 
tuated immediately behind the leading 
coupled axle. The pistons of these cy- 
linders work on brake levers which turn 
on fixed transverse shafts. 

The brake pump is of the Westing- 
house Company's « Cross compound » 
type, and works with superheated steam. 
In order to do this, the saturated steam, 
the admission of which is controlled 
from the cab, by a valve of the usual 
type, passes through a superheater ele- 
ment set aside for this purpose, and in 
this way the steam arriving at the pump 
is superheated. This very simple arran- 
gement has been tried out for several: 
years on the Company's locomotives, and 
has given good results : the pump is 
preserved from the many drawbacks re- 


_ sulting from the use of steam heavily 


— 
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laden with water, which adversely affects 
both maintenance and steam consump- 
tion. 


Other fittings. — The locomotive is 
fitted with a pneumatic sander of the 
Gresham type, which supplies sand to all 
the coupled wheels; the sand reservoir 
is situated between the two domes. It 
is also fitted with a speed recorder, and 
a signal position indicator, of the Hassler 
type; with steam heating; with the Dil- 
ling arrangement for the injection of 
water into the smoke box, into the ash 
pan, and for watering the fuel; and two 
Superior soot blowers. 

Smoke deflector screens have been 
fitted at the leading end of the locomo- 
tive. This arrangement tried in the first 
place by the German Railways, has been 
used with success on some locomotives 
of the Belgian Railway Company. As is 
known, these vertical screens project 
beyond the front of the smoke box and 
their vertical plane is slightly inclined 
towards the longitudinal centre line of 
the locomotive. 

In order to give the staff some degree 
of comfort, a spring seat has been prov- 
ided for the driver and fireman; further, 
the cab can be closed at the back by 
means of a canvas screen. 


‘Dynamometer tests. 


Dynamometer car tests have been car- 
ried out with locomotive No. 5501 type 5 


Brussels-Arlon : 
60 pairs of wheels. 
Arlon-Brussels : train No. 61; 

54 pairs of wheels. 


Total work done at the tender draw bar wat P 


Total indicated work . 


Total consumption of fuel, including lighting up coal . 
Average fuel consumption per indicated H.P.-hour . 
Average fuel consumption per tender drawbar H. P.-hour. 


train No. 6; load 614: t. 


over the Luxemburg line. These tests 
which were made with passenger trains 
actually weighing from 534 to 614 t. (525 
fo 604 Engl. tons), have shown that this 
locomotive is capable, in ordinary service, 
of hauling a train of 600 t. (590 Engl. 
tons) over this line, keeping to the tim- 
ing of ordinary international trains 
which necessitates a sustained speed of 
40 km. (25 miles) per hour on a 16 mm. 
(1 in 62) gradient. 

They also demonstrated that the riding 
of the locomotive was perfectly steady 
up to the maximum speed of 100 km. 
(62 miles) per hour. This result, which 
@ priori may appear astonishing for a lo- 
comotive with two outside cylinders, is 
to be attributed largely to the consider- 
able wheel base given by eight wheels 
coupled, and to the excellent guiding 
provided by the leading truck, which is 
fitted with sufficiently powerful central- 
ising gear. 

The boiler was easily able to meet the 
demands. 

The temperature of the superheated 
steam went up to 330 and 350° C. (626 
and 662° F.). The back pressure at the 
exhaust did not exceed 300 gr. per cm? 
(4.27 Ib. per sq. inch), at full power, on 
a 1 in 62 gradient. 

The table below gives the general re- 
sults of the dynamometer car trial car- 
ried out on 34 July 1930 between Brussels 
and Arlon and back : 


(604. Engl. tons); 15 bogie carriages; 


load 534 t. (525 Engl. tons); 13 bogie carriages; 


4784 H.P.-hours 
7 200 — 
19 583 Ib. 
2995 Ib. — 
4045 Ib. 
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Locomotive type 5 


30 40 50 60 70 60 90 100 
Vitesse en km/h. 
Fig. 4. 


Explanation of French terms: a 
Efforts de traction indiqués maximum = Maximum indicated tractive efforts. — Résistance totale, etc... = 
Total resistance of the locomotive and tender. — Vitesse en km,/h. = Speed in kilometres per hour. 
a " 

When considering these results, it is vourable conditions. The figures as de- 
necessary to remember that the consump- termined are influenced in an unfavour- | 
tions given are average values, which are able way, not only by the consumption 
of course different from those which due to lighting up, and when standing, 
would be obtained under sustained fa- but also by the very considerable varia- 
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tions in the power required from the 
locomotive. The time during the journey 
with regulator closed, reached in fact 
36 % of the running nett time; more- 
over, on the sections of heavy gradient, 
the cut off had to be lengthened to as 
much as 50 %.. 

Compared, with the results obtained 
from dynamometer tests under absolutely 
analogous conditions, with other types of 
locomotives, the consumption of the type 
5 locomotive seems to be normal. 

Other dynamometer tests have had in 
view the determination of the resistance, 
with regulator closed, of the locomotive 
and tender, and of the diagram of maxi- 
mum indicated tractive efforts. The re- 
sults of these tests are shown in figure 4. 


Tender of 38-m* (8 360 Brit. gallons) 
(type 5). — Although this tender was in- 
tended for use with the type 5 locomo- 
tive, it has been so designed as to make 
it suitable from all points of view, for 
high speed passenger trains running up 
to 120 km. (75 miles) per hour. 

The type 5 tender has two bogies, with 
1.250-m. (4 ft. 4 3/16-in:) wheels; the 
wheel base Of the bogies is 2.020 m. (6 ft. 
7 1/2 in.), and the distance between bogie 
centres is 4.530 m. (44 ft. 3 11/416 in.). 

The pivot of the forward bogie has 
+ 40 mm. (+ 1 9/16 inches) side move- 
ment and is self centering. 

The diagram as shown in figure 5, 
gives the general layout of the tender 
with the leading dimensions. 

The tenders used so far by the Belgian 
National Railway Company with express 
engines were either 6-wheel rigid wheel 
base tenders (wheel diameter 1.067 m. = 
3 ft. 6 in.), carrying 24 m? (5280 Br. 
gallons) of water, or bogie tenders with 
wheels 1 m. (3 ft. 3 3/8 in.) in diameter 
of the Prussian State Railways, holding 
315 m? (6930 Br. gallons). 


As these tenders were found of too 
small capacity for heavy express trains, 
it was considered desirable to increase 
ihe capacity to 38 m* (8 360 Br. gallons) 
of water and 10 tons of coal. In addition 
the design of the 31.5-m*® (6 930-Br. gal- 
lon) bogie tenders was set aside in fa- 
vour of a new design of greater strength 
and better running qualities. 

The top of the type 5 tender is much 
like that of the French Nord Company's 
tenders (1); the arrangement of the coal 
hole and the men’s boxes alone was 
altered to make them conform with the 
Belgian National Railway Company's 
practice. 

The body of the tender is carried on a 
frame built up in the usual way of rolled 
sections. The frame is carried at three 
points on the train of wheels formed by 
the two bogies. Two points of support 
are on the leading bogie 575 mm. (1 ft. 
10 5/8 in.) on each side of the pivot, the 
bogie pivot only acting to carry the bogie 
with it; the third support is the bogie 
centre of the trailing bogie. Carried on 
three points in this way, the body is not 
exposed to any wracking through the 
transverse inclination of one bogie re- 
latively to the other such as occurs par- 
ticularly on parts of the line with super- 
elevation at the beginning of curves. 

The body has an outside casing of re- 
latively thin plate (4 mm. [5/32 inch]) 
thick secured to an inner framing con- 
sisting of two longitudinal N girders 
eross braced with a number of N shaped 
slays. 

The whole of this inner framing is 
built up of plates cut out of 5-mm. 


(1) Revue Générale des Chemins de fer 
(January 1929): « Nouveaux tenders des ma- 


chines de trains rapides de la Compagnie du 


Nord. » (New tenders for the express trdin 
locomotives of the Nord Company), by 
Mr. Cossart. 


| 
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(3/16-inch) plate: it carries the load 
and has been designed with sufficient 


Strength to be supported on the three 


points already mentioned without having 
to take into account the frame properly 
speaking. 

_ The frame is built up of two longitu- 
dinal girders of 250 x 85 x 45 (9 7/8-in. 
« 33/8-in. x 5/8-in.) U sections con- 
nected at the leading and trailing ends 
by cast steel drag boxes which also carry 
the draw gear. 

The longitudinal girders are further 
eross braced by two cast steel stays car- 
rying the bogie pivots and by a central 
‘stay carrying the brake cylinder. 

The whole of the tender body is cross 
braced in the usual way by 70 x 70 x 410 
(2 3/4-in. & 2 3/4-in. & 3/8-in.) angles. 
As mentioned above, the frame is only 
intended to take draw and _ buffing 
stresses and to maintain the pivots in 
position. 

The bogies have two cast steel frames 
connected by a cast steel center which 
carries the body. The two frames are 
connected at the ends by plate stays 
20 mm. (25/32 inch) thick and the whole 
cross braced by 80 & 80 < 10 (35/32-in. 
< 3 5/32-in.  3/8-in.) angles so as to 
make a thoroughly rigid unit able to 
stand the thrust of the wheels. 

The wheels are 1.250 m. (4 ft. 
29/32 in.) in diameter, and the journals 
have been made amply large : 170 x 350 
(6 45/64 in. & 13 3/4 in.) which cannot 
but be an advantage for fast service. 

The axle boxes are of American pat- 
tern. The. bogie is carried on four se- 
parate springs placed above the boxes. 
These springs are 1.200 m. (3 ft. 
41 1/4 in.) in length, and have 14 plates, 
120 x 18 (4 3/4 in. & 33/64 in.). 

As mentioned above, the weight of the 
body rests on the forward bogie on two 
points 575 mm. (1 ft. 10 5/8 in.) on each 


side of the centres and is transmitted to 
the bogie centre through two spherical 
roller ball and socket side bearings. The 
bogie pivot carries no load, and is only 
subjected to horizontal forces especially 
those needed to move the bogie. 

This pivot can undergo a displacement 
of 40 mm. (1 9/16 inches) on each side 
of its centre line, and is self-centering 
by means of two horizontal plate springs 
arranged in pairs, an arrangement usual 
on locomotives. 

The initial’ and final self-centering 
forces are 4320 kgr. and 8 130 ker. (9 524 
and 17923 Ib.). 

A self-centering centre was fitted to 
the leading bogie following the example 
of the Nord tenders, with the object of 
increasing as much as possible the sta- 
bility of the tender when running 
through curves at high speed. The 
lateral displacement given to the centre 
makes it easier for the tender, when 
coupled to the locomotive, to take curves 
of small radius. 

The centre of the trailing bogie is the 
third point of application of the load; 
it is built up in the usual way, a spher- 
ical shaped top centre rests in a lower 
centre of corresponding shape secured to 
the centre bolster. To avoid the possi- 
bility of the back bogie assuming a trans- 
verse inclination relative to the body, two 
spring spherical buffers are arranged at 
575 mm. (4 ft. 10 5/8 in.) on both sides 
of the pivot; these buffers are not nor- 
mally in contact with the bolster bogie, 
but have a clearance of 10 or 12 mm. 
(3/8 to 1/2 inch), their stroke being 
15 mm. (5/8 inch). 

The bolsters of the two bogies have 
been designed so that one pattern can be 
used, the differences resulting due to the 
different methods of making the bearings 
being met by attachments. 
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The body is higher than that of ten- 
ders used up to now by the Belgian Na- 
tional Railway Company, the height in 
fact being 3.196 m. (40 ft. 6 in.) to the 
upper edge of the tank filling hole with 
the tender fully loaded. 


Brakes. — The tender is equipped with 
the automatic and direct Westinghouse 
brake. 


The bogie wheels have two brake blocks 
per wheel, the brake gear exerting equal 
pressure on each block. The brake cy- 
linder is 355 mm. (44 inches) in dia- 
meter; the total braking force is equal 
to 82 % of the tare of the tender. 


The tender is also fitted with a hand- 


brake of the usual type, worked by wheel 
and screw. 


2 
- 


{ 345: 623 443.3 ] 


Statistics of rail breakages during the year 1929,” 


(Continued). 


We continue hereafter the publication of the statistics of rail breakages which 
occurred during the year 1929, the first part of-which appeared in the number for 
March 1934, pp. 227 to 277. 

For the sake of simplification and unless stated otherwise : 

Light rails applies to rails of a weight less than 83 |b. per yard (42.5 kgr. per metre), 

Medium rails, to rails of 85 to 105 lb. per yard (42.5 to 52.5 kgr. per metre), 

Heavy rails, to those weighing 106 lb. per yard (53 kgr. per metre) or over. 


(4) See Bulletin of the Railway Congress, March 1926, p. 240. 
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SECTION 


NAMES 
OF 
ADMI- 
NISTRA- 
TIONS 
OF 
AND 
DESCRIP- 
TION 
OF 
RAILS. 


Beira and 


Mashonaland 
and Rhodesia 
Railways. 

Beira-Villa Machado. . . 
Villa Machado-Umtali. . 
Umtali-Salisbury..... 
Salisbury-Bulawayo. .. 
Bulawayo-Livingstone. . 
Livingstone-Broken-Hill. 
Broken Hill-Congo Border 


Selukwe Branch (S. H. 
Rail). 


West Nicholson Branch . 


Lomagundi Branch (S. H. 
Rail). 


Blinkwater Branch... . 


Mazoe Branch 


Shabani Branch... : . 

Luanshya Branch (S. H. 
Rail), 

N’kana Branch(S, H. Rail) 


(1) Except 2 in 4 pieces, 


NUMBER OF 


AGE OF RAILS : 


Miles. 


1951 3/4] 2 | 365 3/4 


Number of train-miles 


= Less than 5 years. 5 to 10 years. 10 to 15 years. 15 to 20 yLars. More than 20 yei 
a 
r) 
a wa n a n A 2 a 2 w 
Soe ye | es 2 uf 8 Zz als 2. 3/2 
oo 5 ~ 3.01 5 ad 3.0, 5 | 5.0] s = 5S .0] 5 “ 
a Ss Sg least s on Sas Le Syn |2aex=l = Oo, |Ses—] = On 
a 3 3% |Q8a15 82 |o8sl 5 ay |oh=I so 82 |obs] 5 aR 
4 s bobs S48] s gbx sak S| 288 |S48] 5 | 658 |B=Fl s | 58 
= = 4 S x s7S 
= | bee \2ea] S| Bee [Sal S| see lussé[ = | fee LSal S| Bes 
‘oo | BZ [OSS] S | Bme [OSE Ss | Fas [OSS] co | Fee joSel cs | Guz 
S ZR = ‘ ae es 
a Hes [srs ABs Sea] S Aes a A I Hes SLBIB —2s 
en on te oe ce Ec io es eee cies” 
| ro) ALI iC) Bo, 1¢ o Bo". 16 ro) AP l e ro) 
5 5 of 5 5 of 5 5 Of = 5 of 5s 
Zz A PA a mm a Fi za Zz 
4 


61 

48 1/4 
94 1/4 
285 3/4 
173 1/2 


323 1/2 


Not expressed. 


Not expressed. 


: 5 412 103. — Total number of fractures : 7 


Note: Trucks with axle loads of 13 tons 18 @ 


FRACTURES AND PARTICULARS OF TRAC 


Number of fractures 


RAI WAY Classification according to part Il of the suggestions adopted at the 
3 = General Meeting of the London Congress in 1925. 
4 A B 
e = Percentage of fractures in res- 
a pective portions of the rails Percentage of fractures according to the 
= ‘S covered by and clear of the appearance of the fracture : 
® 5 fishplates. 
oa g s. REMARKS. = : Oe 
So a Ss 7 2 2 n 
= $s 3 3 g = Se ony, ala |e 
2 as aa hn Be S 2 age 2. 2 Sa oa 
4 a Ze 8 3 = 8 SoS Gd] Segugs | 388an8 | as. 
i) ad ao a & 8 sis g 64"S an BR es a a0 
a oe PE! Ss 3 g2209] Bases | 3assge 24 
2 g 8 § a 4 28% 2] B5S5Sxz assseq | 558 
é 4 ae 2 a $58 g| SE8R58 | Sebnss | 272 
wit a5 eo |e ZB |) Poo ge | ogks. | 28" 
¢ = a - = = — fo} — 
r 2 > = = 38 2 e 2 = 
20 22 23 24 25 26 27 28 
_ r 
pe 
hour, 
9—12 30 é ‘ 
13-10 30° aes oe 100.C0 66.67 33.33 one 2 pieces.| 
13—10 35 of 25.00 75,00 25.00 75.00 ond 2 pieces, 
13-00] 35 ae 52.50 47.50 77.50 22.50 ct 2 pieces. 
13—00 35 ove 28.57 71.43 57.14 42.86 ne 2 pieces. 
13—00 85 uae 21.43 78.57 85.71 _ 14.29 ion 2 pieces 
(1) 
12-18 35 i #8 100.00 100.00 tas we 2 pieces. 
12- 18 ry bad bss oy ‘ae ri nae Ae 
12-18] 30 Engines of 13 tons axle load Se 109.00 100.00 es , hea 2 pieces. 
run occasionally on this 
branch. 
12—18 30 aa aw 100.00 100.00 wa td 2 pieces. 
12-01 30 Engines of 12 tons 18 ewt a oat ae sae 
axle load run occasionally 
on this ling, 
12—18 30 Engines of 13 tons axle load an ses aa : saa 
permittéd to run oeccasion- 
ally ut 25 miles per hour, 
12-18 | 2% Re os a a es 
12-18 30 ee f 
hee rr a 36.84 63.16 69.74 30.26 


Number of fractures per 10 000 000 train-kilometres or 6 250 000 train-miles ; not expressed. 


} full capacity run over all sections of the line. 
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10 to 15 years. 
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Less than 5 years, 


“gonjovIy JO 
qoquinN 


15 
Miles, 


14 


13.94. 


Number of fractures per 10 000 000 train-kilometres or 
6 250 000 train-miles : 


6 042 


7 


6 
Miles. 


4 


3 
Miles. 


2 
4 


NAMES 


oF 
ADMINISTRATIONS 


AND 


DESCRIPTION OF RAILS 


Total. 


n 
AUSTRALASIA. 
New South Wales 
Government Railways. 


Tight ratis . 
Medium rails. 


Number of train-miles ; 27 344 120 


Total number of fractures ; 61. 
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Asia. 


CEYLON. 


Ceylon Government 


ys. 


Railwa 


Light rails : 


46 1/4 1b. per-yard. 


72 and 80 lb. per yard, 


Medium rails : 


Total. 


88 lb. per yard. 


Number of fractures per 10 000 000 train-kilometres or 


Number of train-miles : 4 887 333, 
Total number of fractures ; 18. 


6 250 000 train-miles ; 23,02. 
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CURRENT PRACTICE. 


[ 636.4 & 686.2. ] 


The new ‘‘ Ro-Railer”, London, Midland 
and Scottish Railway. 


Figs. 1 to 5, pp. 465 to 467. 


(From The Railway Gazeite.) 


On 22 January there was. demonstrat- 
ed at Redbourn, on the London Midland 
& Scottish Railway branch line between 
Harpenden and Hemel Hempsted, a new 
motor vehicle designed for use on both 
road and rail service. It is known as 
the « Ro-Railer », and has been built by 
Karrier Motors Limited, of Hudders- 
field, to the requirements of Mr, J. Shear- 
man, Road Motor Engineer, London Mid- 
land & Scottish Railway. By the cour- 
tesy of the railway. company we have 
been privileged to attend the demonsta- 
tion and to reproduce the accompanying 
particulars and photographic illustra- 
tions. 

The vehicle, which marks an entirely 
new departure in passenger transport, 
has a seating accommodation for twenty- 
six. The body has been built by Cra- 
vens Railway Carriage & Wagon Co. Ltd., 
of Sheffield, the road wheels are equip- 
ped with Goodyear tyres, and the Lang 


Wheel Company has been responsible. 


for the rail wheels.. While the present 
vehicle is intended for purely passenger 
service, the same principle can be ap- 
plied to goods transport. 

In its general appearance the vehicle 
differs very little from an ordinary road 
vehicle, but the buffers and draw gear 
at both ends and the arrangement of 
the lamps, to enable the « Ro-Railer » to 


carry appropriate lights when driven on 
the rail in either direction, give it an 
individual note, while the observant will 
also see the flanged rail wheels mounted 
on the axles on the inner sides of the 
road wheels. The pneumatic-tyred road 
wheels are mounted on eccentrics fitted 
to outer extensions of the rail wheel 
axles. When running on the road the 
road wheels are locked in a position 
concentric to the axle. When the ve- 
hicle is to be run upon rails it is driven 
to a place where the road has been made 
up level to the head of the rail. Then, 
with the rail wheels directly over the 
rails, it is driven forward for a few 
yards to a point where the made-up road 
is tapered off, so letting the rail wheels 
gradually come in contact with the rails 
and take the weight of the « Ro-Railer » 
off the road wheels, which are then rais- 
ed clear of the rails, by half a turn of 
the eccentric mounting, and locked to 
the chassis frame by a pin. When run- 
ning on the rails the road’ wheels do not’ 
revolve. ; 

When it is desired to go from the rail 
to the road the operation just described 
is simply reversed. In the ordinary way 
the complete change-over should be car- 
ried out in less than five minutes; under 
test conditions the operation with a four- 
wheeled « Ro-Railer » has been effected’ 


Fig. 2. — In road service. 
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in 2 1/2 minutes. The vehicle demon- 
strated was fitted with an engine deve- 
loping a maximum horse-power of 120 
and the transmission scheme includes a 
supplementary gearbox to give increased 
speed on long railway runs at low en- 
gine speed. 

This first « Ro-Railer » has the seats 
staggered to give increased confort, and 
some of the rear seats fold up in order 
to afford luggage accommodation. One 
ingenious detail is the device by which 
the entrances, on both sides, are made 
adaptable for either ground or platform 
levels. This coach is heated by the 
« Thermo-Economic » hot air system. A 
sanding gear for use on rails is also pro- 
vided. 


Various applications of system, 


The system is applicable to any type of 
motor vehicle, either passenger or goods, 
and to tractors and truck trailers. The 
range in goods vehicles is from 30 ewt. 
up to 10 tons; for passenger work, small 
20-seater buses or high-capacity double- 
decked three-axled vehicles can be built 
on the principle. No special equipment 
2s necessary for effecting the change, all 
that is required being the levelling up 
of the ground to the top of the rails for 
a distance of a few yards. «Ro-Railers» 
can be attached to any train and detach- 
ed and proceed as a road vehicle as re- 
quired. 

Designed principally for use on branch 
lines, especially those where the towns 
and villages lie some distance from the 
railway, the « Ro-Railer » will meet a 
definite need, but its use is by no means 


Horse power of engine (6 cyl.). 


Chassis wheelbase . 
Road wheel track . 
Size of tyres 


Rail gauge s 
Top gear ratio (road) 
Top gear ratio (rail) 


confined to that sort of work . There 
are possibilities of using the scheme for 
week-end traffic to the coast in which it 
would not only relieve traffic congestion 
on the roads but speed up the rate of 
travelling. 


Advantages of « Ro-Railer », 


From the point of view of passenger 
traffic the avantages of the « Ro-Railer » 
are four in number : 


1. Low running cost. Owing to the 
smaller tractive effort necessary, petrol 
consumption will be reduced while tyre 
costs and other maintenance charges. 
will be lessened. 

2. Safer travelling. While running at 
railway speeds the vehicle will be pro- 
tected by the same system that has made 
British railway travel the safest in the 
world. On short tests, speeds of 50 m. 
p-h. have obtained, and that was not the 
limit by any means. 

3. Comfort and improved visibility, 
when compared with average branch- 
line train; comfort on road equal to si- 
milar type of vehicle. 

4. Journeys shortened and the pay- 
ment of heavy tolls avoided by railing 
the vehicle at convenient points. From 
the point of view of goods traffic there 
is, in addition to the advantages already 
mentioned, a further one. 


5. Traffic can be actually door to pate 
without transferring the load at any 
point during transit. 


The following table summarises the 
principal data concerning the new « Ro- 
Railer »: 3 “ 


65-110 (R. A.C. rating -37.2) 
17 ft. 1 in. % 
6 ft. 3.1/2 in. ~ 
Front 36 in. X 6 in. 
Rear 42 in. X 9 in. 

4 ft. 8 1/2 in. 

7 to 1 

4.2 to 1 


* 
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‘Fig. 3. -- Method of bringing Fig. 4. — Adjusting wheels. Note wooden ramp for lifting 
road wheels into use. road wheels. 
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Maximum speed (road) . 
Maximum speed (rail) 
Petrol consumption (road). 
Petrol consumption (rail) . 
Load capacity 

Overall length. . 

Overall width 

Overall height (road) 
Overall height (rail). 
Floor to roof height . 
Unladen weight (complete) 


Inside the railway industry there is a 
possible use for vehicles of this type in 
conveying men and materials to a point 
where line construction or repairs are 
required. The vehicle could be taken 
either by road or rail to the most con- 


60 miles per hour. 
75 miles per hour. 

8 miles per gallon. 
16 miles per gallon. 
26 passengers or 3 tons net. 
26 ft. 

7 ft. 5 1/2 in. 

9 ft. 9 3/4 in. 

9 ft. 6 1/2 in. 

6 ft. 4 1/4 in. 

7 tons 2 ewt. 2 qrs. 


venient point for unloading and be moy- 
ed immediately from the running lines, 
thus avoiding any interference with traf- 
fic. However one looks at it, the « Ro- 
Railer » is aninnovation which is fraught 
with very great possibilities, 


MISCELLANEOUS INFORMATION. . 


[ 686 .253 (.42) ] 


Automatic train control in England. 


~ In England the Public’ Authorities have paid 
much attention to the question of automatic 
train control which was examined by a Spe- 
cial Committee in 1922. The question was 
taken up again in 1927 when a new Committee 
was set up by the Ministry of Transport aid 
its report has just been published. 

This report is very interesting. Those en- 
trusted with the task of drawing it up were 
‘chosen from amongst the most experienced and 
competent to deal with the matter and they 
proceeded to make an extensive and thorough 
inquiry. The Committee consulted and heard 
the points of view of many of the officers and 
members of the staff of the railways, repres- 
entatives of the Railwaymen’s Union, as also 
those who had up-to-date information con- 
cerning the methods of controi adepted by the 
railways of the United States. Furthermore 
some hundred and fifty descriptions or pro- 
‘posals put forward by inventors or others 
were examined, though only a few were re- 
served for mention in the report. With the 
assistance of the Railway Companies, uniform 
arrangements were sought for, which would 
be applicable to all, both as regards the per- 
‘manent way and locomotives. 

The Committee confirms the opinion previ- 
ously expressed that signalling and working 
methods have enabled a high standard of sa- 
fety to be reached in England. New protec- 
tive measures with the object of remedying 
any failure on the part of the engine-driver 
will involve expenses which must he taken 
‘into account when considering the extra se- 
curity obtained; furthermore they must not 
involve any hindrance to the traffic, which 
“has become very considerable on certain lines, 
‘and the methods extolled must be applicable 
to all lines. 

Statistics of accidents are given and com- 
mented upon. ‘They relate to two periods : 
one of ten years ending 30 September 1921; 


the other of eight years ending 30 September 
1929. They prove that the number of train 
accidents is not increasing, and, en the other 
hand, that the proportion of cases in which 
automatic control would have been efficacious 
18 decreasing, the percentage falling from 
36.8 % to 29.2 % in passing from the first 
to the second period. The number of those 
injured in passenger train collisions in cases 
where automatic contro: would have helped 
the engine driver is about 25 % of the total 
number of victims of train accidents. 

The Committee points out certain improve- 
ments which have already been made, which, 
without making it impossible to misinterpret 


‘signals, do increase the safety : daylight sig- 


nals with coloured lights lit electrically, more 
powerful light given by signal lamps, improv- 
ed visibility due to a revisal of the location 
and height of signals, the substitution of 
yellow for red lights for distant repeater sig- 
nals. 

As far as the prevention of accidents due to 
disregarding signals is concerned, opinion is 


‘unanimous in recommending supplementary 


safety measures. Automatic stopping or re- 
duction of speed are not always required, but 
simply supplementary indications to remind 


‘the engine-driver of the presence of a signal, 


together with other measures such as better 
signals in better positions, detonator placers, 
trap-points, ete. 

Railway officers and employees are usually 
in agreement as regards the application of 
protective measures to distant signals, but 
the greater number consider that if both ex- 
press and slow trains are to be taken into 


‘consideration, home signals also must be pro- 


tected. In the opinion of all those consulted, 
it Is a question of special cases, for the solu- 
tion depends upon the traffic, and the frequen- 
ey of bad atmospheric conditions. A study of 
the accidents that have occurred during the 


=i 


last eight years shows that for preventive 
methods to .be sufficent, they must include 
the protection by appropriate means of all 
distant signals and certain chosen home sig- 
nals. 

Like its predecessor the Committee considers 
that the cab signal should be acoustic, and 
not visual and it is averse to the adoption of 
acoustic apparatus placed beside the track. 

If the necessity of braking is foreseen at 
the home signals and the corresponding dis- 
tant signals, the Committee do not consider 
a full application of the brakes to be neces- 
sary for the first on lines with semaphore sig- 
nals. But in the case of signals acting as 
both distant and home signals (signals with 
more than two aspects) the problem is costly 
to solve. 

This report briefly reviews the different 
systems or classes of systems which have been 
tried or made use of, or merely proposed. «It 
gives an appreciation of these from the point 
of view of safety, strength, expense, the pos- 
sibility of adapting them to conditions pre- 
vailing in England, and also the extent to 
which their general application may be con- 
sidered. ; 

The continuous system, based upon induc- 
tion, which is used in America, gives the most 
efficacious protection. But installation and 
upkeep expenses are very high, and on the 
other hand the apparatus used on the Amer- 
ican Railways are based upon the control of 
the speed without giving any indication as to 
the position of the signals. In view of the 
high degree of security already reached in 
England, the expense would not justify the 
increase in security that would be obtained. 
The Committee considers that the system 
used by the Great Western Railway for more 
than twenty years is up to the present the 
only system which gives satisfactorily the 
indications « warning » and « clear » at dis- 
tant signals and which.can be recommended 
as satisfying the exigencies of the British 
Railways. 

Under the heading « Recommendations » 
the report indicates what seem to be the most 
useful methods. These are classed under di- 
rect methods, such as the various automatic 


means of warning the engine-driver, even of 
acting on the brakes, and indirect methods 
which include all other means by which safety 
is increased. 

For two-aspect distant signals on lines with 
mechanical signalling, the direct method may 
consist in giving the driver an acoustic warn- 
ing of the nearness of a signal; a moderate 
application of the brakes can easily be added 
in the case of a stop signal, if air is used 
to work the acoustic apparatus : this is acous- 
tie control. This can be arranged or complet- 
ed so as to give a different acoustie signal 
according to whether the signal is at safety 
or danger. The Commission fixes the neces- 
sary standard dimensions for the ramps, tlie 
plunger shoe, and the minimum loading gauge 
for rolling stock. 

The most suitable position for the ramp is 
in the middle of the track, if any position is 
to be generalised; but an exception must be 
made in the case of electrified lines with a 
third central rail, which are usually under- 
ground railways already having a control sys- 
tem. The protection of home signals is chiefly 
concerned with signals at important positions 
where acoustic alarm and the automatic con- 
trol of the distant signal might fail. The ap- 
pliances which should be used in this case 
are of another order, such as catch points or 
derailers, traps with or without sand drags, 
or detonator placers. 

Among the indirect methods there are first 
of all the devices installed on locomotives for 
throwing the smoke and steam out of the line 
of sight, and the rational determination of 
the location of the signals, and then an in- 
crease of the illuminative power of the signal 
lights. The report lays stress on this last 
point and points out the characteristics of oil- 
and electric lamps which show a very marked 
progress. 3 

- Among the proposed improvements mention 
must be made furthermore of certain modifi- 


cations to.the rules and regulations of the | 
block system; to the conditions of the ac- 


ceptance of a train up to the home signal that 
has come up behind a train stopped at the 


inner home signal; to the tests that the stok-_ 
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duties of Stars An appendix deals with the extent of the 

of fogmen. application of automatic train control systems 

aE ERO al oy the United aie and the costs of instal- 

lation. Another appendix gives statistical in- 

_ formation and the cost per unit which would 

serve as a basis to calculate the expense that 

siagkewuomauck prevail would be incurred by a general application 

‘Those with an approved sys- of these in England. 

control should extend it. E. M. 
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OFFICIAL INFORMATION 


Permanent Commission 
of the International Railway Congress Association 


QUESTIONS 
FOR DISCUSSION AT THE CAIRO SESSION (1933) 


WITH 


THE NAMES OF THE REPORTERS 


Ist SECTION : WAY AND WORKS. 


I. — The protection of level crossings in view of modern developments 
in road traffic, 
Reporters : 
America, Great Britain, Dominions and Colonies, China, Japan and Egypt : 
Mr. Newtanps (M. A.), chief engineer, London Midland & Scottish Railway; Euston 
Station, London, N. W. 
Belgium, Spain, France, Italy, Netherlands, Portugal and their Colonies, Denmark 
Finland, Luxemburg, Norway, Sweden and Switzerland : 
Mr. Cotin, Directeur du Contréle de PExploitation technique au Ministére des 
Travaux Publics de France; boulevard Saint-Germain, 244, Paris. 
Other countries (Germany, Bulgaria, Greece, Rumania, Poland, Czechoslovakia, 
Turkey, Yugoslavia, ete.) : 


Mr. Miszke (A.), ingénieur, chef du bureau des études et des projets au Ministére 
des Communications de Pologne; rue Langiewicza, 14, Warsaw. . 


II, — The use of mechanical appliances in the permanent way maintenance 
and in track relaying. 
Reporters : 
United States of America, Great Britain, Dominions and Colonies, China and Japan: 


Mr. Tuomson (F. M.), district engineer, Missouri-Kansas-Texas Lines; Denison, 
Texas, U.S. A. 


a 


Mexico, Central and South America, Belgium, Spain, France, Italy, Netherlands, 
Portugal and their Colonies, Denmark, Finland, Luxemburg, Norway, Sweden 
and Switzerland : ; 


Messrs. MEnpIzABAL FreRNANvEz (D.), Sake en chef du service des voies et tra- 
vaux au Chemin de fer Madrid-Saragosse-Alicante; Estacién de Atocha, Madrid 
and : 

Garcia Garin (J.), chef du service du matériel fixe des voies et travaux des Chemins 
de fer du Nord de Espagne; Estacion del Norte, Madrid. 


? 


Other countries (Germany, Poland, Czechoslovakia, Bulgaria, Greece, Rumania, 
Yugoslavia, Turkey, Egypt, etc.) : 
Mohamed Bey Kamel Et-Kisutn, ingénieur divisionnaire, Chemins de fer de l’Etat 
égyptien; Zagazig (Egypt). 


Ii, — The relationship between the vehicle and the track, 
to ensure safety at high speeds : 


A) Weight of vehicles per axle, position of the centre of gravity, wheel arrange- 
ment, layout to facilitate running through curves. 

B) Track resistance. Widening of gauge. Radius of curves. Superelevation. 
Transition curves. Points and crossings. Check rails. 


Reporters : 
America, Great Britain, Dominions and Colonies, China and Japan : 
_ Dr. Oxxopo (S.), director of the Bureau of maintenance and improvement, 
Dr. Marsunawa (S.), chief of the Railway Research Office, and 


Dr. Asakura (K.), chief of the rolling stock Section : all three of the Department 
of Railways, Government of Japan; Tokyo. 


Germany, Denmark, Finland, Norway, Spain, Netherlands, Portugal 
and their Colonies, Sweden and Switzerland : 
Herr Prof. Baumann (H.), Direktor bei der Reichsbahn; Lammstrasse, 19, Karls- 
ruhe, and 
Herr JAun (F.), Reichsbahnoberrat, Reichsbahn-Zentralamt; Hallesches Ufer, 35-36, 
Berlin, S. W. 41. : 


Other countries (Belgium, France, Italy and their Colonies, Luxemburg, 
Czechoslovakia, Poland, Bulgaria, Rumania, Greece, Turkey, Egypt, Yugoslavia, etc.): 


Mr. Dey (Hynek), conseiller ministériel et chef du département IV/5 au Ministére 
des Chemins de fer de Tchévoslovaquie; Prague. 


2nd SECTION : LOCOMOTIVES AND ROLLING STOCK. 


VI. — Methods to be used to increase the mileage run by locomotives 
between two repairs including lifting. 


Reporters : 


America, Great Britain, Dominions and Colonies, China and Japan : 


Sir Henry Fowter, K. B. E., assistant vice-president for works, London Midland 
& Scottish Railway (member of the Permanent Commission) ; Derby. 


Germany, Denmark, Finland, Norway, Spain, Netherlands, Portugal 
and \their Colonies, Sweden and Switzerland : 


Herr Stupent (E.), Reichsbahndirektor, Deutsche Reichsbahn Gesellschaft; Voss- 
strasse, 35, Berlin, W. 8. 


Other countries (Belgium, France, Italy and their Colonies, Luxemburg, Poland, 
zechoslovakia, Bulgaria, Greece, Rumania, Yugoslavia, Turkey, Egypt, etc.) : 


Mr. KLaTovskY (R.), ingénieur, conseiller ministériel et chef du département V/4 
du Ministére des chemins de fer de Tchécoslovaquie; Prague II. 


V. — Electrification of railways from an economic point of view. Selection of 
sites for generating stations. Choice of the kind of current. Safety pre- 
cautions, etc. 


Reporters : 


America, Great Britain, Dominions and Colonies, China and Japan : 


Mr. Wiruineton (S.), electrical engineer, New York, New Haven & Hartford 
Railroad; Newhaven, Conn. (U. S. A.). 


Belgium, Spain, France, Italy, Netherlands, Portugal and their Colonies, Denmark, 
Finland, Luxemburg, Norway and Sweden : 


Messrs. Lepoucner, ingénieur en chef des services techniques du matériel et de la 
traction, Chemins de fer du Midi; boulevard Hausmann, 54, Paris (9°), and 
Jspior, ingénieur en chef adjoint du matériel et de la traction des Chemins de 
fer de Paris 4 Lyon et a la Méditerranée; boulevard Diderot, 20, Paris (12°). 


Other countries (Germany, Poland, Switzerland, Czechoslovakia, Bulgaria, Greece, . 
Rumania, Yugoslavia, Turkey, Egypt, etc.) : 


Mr. Huser, ingénieur conseil des Chemins de fer Fédéraux suisses; Neumiinster~ 
Allee, 12, Zurich. 
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VI, — All-metal rolling stock : carriages and wagons. Use of light metals 
and alloys. Use of autogeneous welding. 


Reporters : 


America, Great-Britain, Dominions and Colonies, China and Japan : 


-Mr. Grestry (H. N.), C. B. E., chief mechanical engineer, London & North Eastern 


Railway (member of the Permanent Commission); King’s Cross Station, 
Lendon, N. I. 


Germany, Bulgaria, Denmark, Finland, Norway, Netherlands and Colonies, 
Rumania, Sweden, Czechoslovakia, and Turkey : 


Herr Daunick (E.), Reichsbahnoberrat, Deutsche Reichsbahn Gesellschaft, Zentral- 
amt; Hallesches Ufer, 35-36, Berlin, S. W. 414. 


Other countries (Belgium, Spain, France, Italy, Portugal and their Colonies, 
Luxemburg, Switzerland, Yugoslavia, Egypt, Greece, etc.) : 


Mr. Mariani (R.), ingénieur, chef de service au service du matériel et de la trac- 
tion, Chemins de fer de I’Etat italien; Viale Principessa Margherita, 52, Flo- 
rence (12). 


3™¢ SECTION : WORKING. 


VII. — Allocation of freight rolling stock, Investigation into the turn-round 
of goods vehicles. Separation of the elements included in it. Methods of 
reducing the period of turn-round. 


Reporters : 
Belgium, Spain, France, Italy, Portugal and their Colonies, Luzemburg 
and Switzerland : 


Mr. Garremynck (0.), ingénieur principal au service de l’exploitation de la Société 
Nationale des chemins de fer belges; 17, rue de Louvain, Brussels. 


Germany, Denmark, Finland, Great Britain, Dominions and Colonies, Sweden, 
America, China and Japan, Norway, Netherlands and Colonies : 


Mr, van Rucxevorset (F. H.), ingénieur, chef de service des transports des Chemins 
de fer néerlandais; Maliesingel, 76, Utrecht. 


Other countries (Poland, Czechoslovakia, Bulgaria, Rumania, Yugoslavia, Greece, 
Turkey, Egypt, etc.) : 


Mr. Ark (F.), inspecteur de la Direction Générale des Chemins de fer du Royaume 
de Yougoslavie; Belgrade. 
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_VII. — Organisation for carrying small consignments of goods and the most 
suitable methods for their delivery with the least delay. Use and selection 
of fixed and mechanical transhipping plants. 


Reporters : 


America, Great Britain, Dominions. and Prngcery China and Japan, Belgium, 
France, Spain, Netherlands, Portugal and their Colonies, Switzerland, Den- 
mark, Finland, Luxemburg, Norway and Sweden : 


Messrs. Haurerre, chef de l’exploitation adjoint des Chemins de fer de ! Etat. fran- 
cais, 43, rue d’Amsterdam, Paris (8°), and 

Mermont (M.), inspecteur général du mouvement du Chemin de fer de Est fran- 
eais; 13, rue d’Alsace, Paris (40°). 


Other countries (Germany, Italy and Colonies, Poland, Czechoslovakia, Bulgaria, 
Rumania, Yugoslavia, Greece, Turkey, Egypt, etc.) : 


Mr. Ferrarappa (C.), ingénieur, inspecteur en chef au service de I’ exploitation des 
Chemins de fer de |’Etat italien, Rome. 


IX. — Automatic train control and train stop. Track equipment. Locomotive 
fittings. Methods used for repeating signals on the locomotives. Devices 
intended to ensure the attention of the drivers, 

Reporters : 
America, Great Britain, Dominions and Colonies, China and Japan: 
Mr. Crook (G. H.), assistant to signal engineer, Great Western Railway; Reading, 
England. 


Belgium, Spain, France, Italy, Netherlands, Portugal and their Colonies, Denmark, 
Finland, Luxemburg, Norway and Sweden : 
Mr. Vuaixorr (V.), ingénieur des signaux, Chemins de fer de IEtat bulgare; 
2, place de lla Gare, Sofia. 
Other countries (Germany, Poland, Czechoslovakia, Bulgaria, Greece, Rumania, 
Yugoslavia, Turkey, Egypt, etc.) : 


Mr. Sricke. (W.), Reichsbahndirektor, Mitglied der Hauptverwaltung er Deut- 
schen Reichsbahn-Gesellschaft; Vosstrasse, 35, Berlin, W. 8. 
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4 SECTION : GENERAL. 


X, — Instances of the application in a railway department of the scientific organ- 
isation of work. Ca-operation of the staff towards increased efficiency and 
its participation in the profits. 

Reporters : aay 


Belgium, Spain, France and their Colonies, Great Britain, Dominions and Colonies, 
Luxemburg, Netherlands, Portugal and their Colonies : 


Messrs. Soutez (E.), ingénieur en chef attaché a la direction de Bene du 
Chemin de fer du Nord frangais, ruc de Dunkerque, 18bis, Paris (10°), and 

BLocu, ingénieur en chef des services du matériel et des ateliers du Chemin de 
fer de Paris a Orléans; boulevard de la Gare, 41, Paris (138°). 


Denmark, Norway, Sweden, Finland, Germany, Switzerland, Czechoslovakia, 
Bulgaria, Greece, Rumania, Yugoslavia, Turkey, Poland : 
Mr. Merevrza, sous-directeur général, Chemins de fer de lEtat roumain (member 
of the Permanent Commission); 118, Calea Victoriei, Bucarest. 
Italy and its Colonies and other countries : 


Messrs. Tost1 (L.), inspecteur en chef supérieur du service du personnel et des 
affaires générales, Chemins de fer de l’Etat italien; Rome, and 

Vatent (C.), ingénieur, inspecteur en chef supérieur du service du matériel et de 
la traction, Chemins’ de fer de l’Etat italien; Florence. 


XI. — Competition between or joint working of railways and airways, 
or railways and roadways. 
An investigation from the technical, commercial and contractual point of view. 


Reporters : 


America, Great Britain, Dominions and Colonies, Ghia and Japan : 


Mr. Cox (E. C.), traffie manager, Southern Railway; Waterloo Station, London 
S. E. 4 


Other countries : 


Messrs. Virramit (F. P.), chef de la division commerciale du Chemin de fer du 
Nord de I’Espagne, Estacién del Norte; Madrid, and 


p’Océn Cortes (E.), ingénieur au service commercial du Chemin de fer Madrid- 
Saragosse-Alicante; Estacién de Atocha, Madrid. 
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5" SECTION : LIGHT RAILWAYS AND COLONIAL RAILWAYS. 


XII. — Co-ordination of operatisn-as between heavy and light railways. 
Reporters : 
Continent of Europe : 
Mr. Jacons (L.), directeur général adjoint, Société Nationale des Chemins de fer 
vicinaux de Belgique; rue de la ‘Science, 14, Brussels. 
Other countries : 


Camel Bey Cuenta, directeur adjoint du service des marchandises des Chemins 
de fer de Etat égyptien; Cairo, Egypt. 


XIII. — Use of rail motor cars on secondary railway lines. 
Reporters : 


Italy and Colonies, Africa, (British Dominions and Colonies excepted), Mexico, 
Central and South America : 


Messrs. La Vaue (E.), inspecteur en chef, directeur du bureau central de conseil 
technique prés I’Inspectorat général des chemins de fer, tramways et auto- 
mobiles; Rome, and 

MELuiN1 (E.), ingénieur, inspecteur supérieur de I Inspectorat général des chemins 
de fer, tramways et automobiles; Rome. 

Continent of Europe (except Italy) : 

Mr. Lever, directeur de la Compagnie générale de voies ferrées Wintérét local; 
18, rue de Dunkerque, Paris (10°). 

Great Britain, Dominions and Colonies, United States of America, China and Japan: 


Mr. Forster (A. D. J.), assistant railway Commissioner, New South Wales, Govern- 
ment Railways, Box 29 A., G. P. @. Sydney, N. S. W. Australia. 
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